For Reference 


NOT TO BE TAKEN FROM THIS ROOM 


es 1IBRIS 
NOERSITATIS 
ie RUHEDSIS 


Digitized by the Internet Archive 
In 2023 with funding from 
University of Alberta Library 


https://archive.org/details/Hobbs1972 


THE UNIVERSITY OF ALBERTA 


CONSERVATION OF WEIGHT AND VOLUME IN 


SECONDARY SCHOOL STUDENTS 


by 


| o) E. D. HOBBS 


A THESIS 
SUBMITTED TO THE FACULTY OF GRADUATE STUDIES AND RESEARCH 
IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR THE DEGREE 


OF MASTER OF EDUCATION 


DEPARTMENT OF SECONDARY EDUCATION 


EDMONTON, ALBERTA 


FALL, 1972 


ei Bl Dail : 
~ 4 


vd 


#ag0K .d 2 (3) 


area A 
WOMAABSR THA SUITE! ATAQUARD 4O YoudDAY BED OF GATTTMAME 
SARS SAT ACT RTMAMERIUPSA aT 46 PwMRETWaU a 


WOTTADUAT FO PAveaMt FO | fi : 


: i wae po) 
HOSTADIRIE Y Ratan as: 4o Tetutsataa 


ef, 


AN 


vit vey Ha SS 


UNIVERSITY OF ALBERTA 


FACULTY OF GRADUATE STUDIES AND RESEARCH 


The undersigned certify that they have read, and recommend to 
the Faculty of Graduate Studies and Research for acceptance, a thesis 
entitled Conservation of Weight and Volume in Secondary School Students 
submitted by E. D. Hobbs in partial fulfilment of the requirements for 


the degree of Master of Education. 


ABS TRACT 


Tests of conservation of weight and volume, of the law of 
displacement of fluids, and of atomistic schemes were administered to 
906 students in grades 7 through 12. Both weight and volume conservation 
were found to develop during the secondary school years for some subjects. 
Attainment of conservation of volume was found to be related to sex of 
subject, particulate matter concepts, and science achievement. Boys 
performed better than girls on tests of volume conservation and of 
the law of displacement. Methodology of testing was found to be a 
significant variable in volume conservation testing. It was concluded 
that even in senior high school grades (10 through 12), about 10 to 
20 per cent of boys and about 30 to 40 per cent of girls may not have 


established interrelated concepts of weight, volume, and density. 
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CHAPTER I 


INTRODUCTION 


Concepts of physical quantity like weight and volume are basic 
to physical science. According to Piaget (Piaget & Inhelder, 19681), 
the development of such concepts occurs in a sequence extending over 11 
or 12 years for most subjects. Elkind (196lc) has presented evidence 
that many adolescents exhibit deficiencies in their concepts of physical 
quantity. The purpose of this study then is to investigate 
(a) the extent to which concepts of weight and volume are 
developed in secondary school students (grades 7 through 
12); 
(b) various aspects of the methodology of volume conservation 
testing, and 
(c) whether students' concepts of particulate matter (atomistic 


schemes) are related to volume conservation. 


THEORETICAL BACKGROUND 
Framework 


Piaget (Piaget, 1965; Piaget & Inhelder, 1968) has drawn a 
distinction between on the one hand, concepts of weight and volume as 
properties of a body, and on the other hand, concepts of weight and 
volume as measurable quantities. The theoretical analysis of his 


experiments indicates that quantified weight and volume concepts are 
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not formed automatically upon contact with experience, but are developed 
in an invariable sequence through interaction between experience and 
developing thought structures. In the first phase or stage of this 
sequence, a young child develops a concept of quantity of matter or 
substance. Then over a period of four or five years on the average, 
concepts of weight and volume as quantities are developed in turn. The 
acquisition of a quantity concept is marked by conservation--the 
behaviour of a subject who recognises that the particular quantity 
remains invariant during some transformation of a body. For example 
the acquisition of the conservation of weight by a subject is marked 

by his assertion that the weight of a piece of clay remains unchanged 


no matter how its shape is altered. 
Definition of terms 


Some terms which occur somewhat frequently in the course of the 
study will be defined here. Other terms which appear may be assumed to 
have been employed according to dictionary meaning. In some cases special 
terms are introduced and these will be explained on their first 
appearance. 

1. A standard term in Piagetian theory is grouping of operations. 
In the present study the operations referred to will be "physical" 
operations. Both grouping and operations are discussed at length by 
Flavell (1963). Simply, an operation is an action, but an action which 
is internalised by a subject in a coherent thought structure. A physical 
operation is a movement in space and time. The connotations of 


"operation" applied to a movement in space or time are that the movement 
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is part of a coordinated system, and that the movement and the system 
are reversible. To illustrate, the cutting of a piece of clay from a 
larger stick is no more than a goal-directed, irreversible action. It 
becomes reversible and part of an operational system (or grouping of 
operations) when it is coordinated with the simultaneous cutting of a 
long stick of clay from a slightly longer stick. Such a system works 
just as well in reverse as in the forward direction. The connotation of 
"srouping'' is that the system of operations conforms to certain 
mathematical rules (Flavell, 1963, pp. 164-173). In simplest terms, 


adequate for the purposes of this study, a grouping of operations may be 


thought of as a thought structure representing some physical transforma- 


tion of a body in terms of a coordinated system of movements in space 


and time. 

2. By physical quantity is meant specifically in this study the 
concepts of weight and volume. In general the term would apply to any 
measurable physical entity (e.g. density, momentum, etc.). Weight and 
volume as properties of a body should be distinguished from weight and 
volume as quantities. For example, a body has the property of weight 
or of being heavy, but the concept of weight is quantified only when 
number is applied to it. 

3. Conservation is an attendant symptom of achievement of 
quantification of a property. Conservation with reference to a given 
physical quantity may be defined as the behaviour of a subject who 
recognises that the quantity remains invariant in some transformation 


of the body (e.g. a change in its shape). 


4. Physical volume or occupied volume is to be distinguished 
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from interior volume. Whereas interior volume refers to the quantity 
of material contained in a body, physical volume refers to the volume 
occupied by the body in relation to exterior three-dimensional space. 

5. A scheme is a ready-made thought structure which can be 
applied in a variety of situations by the subject. An atomistic scheme 
is a scheme by which transformations of a body are represented by 
transformations of elements (particles, grains, drops, atoms etc.) which 
form that body. An atomistic scheme of compression or dilatation is an 
atomistic scheme representing changes in volume of a body. Usually in 
this study reference is made to the atomistic scheme of compression and 
dilatation which represents the volume changes as decreases or increases 


in distances between particles of invariant weight and volume. 


OUTLINE OF THE EXPERIMENT 
Tests and Procedure 


The design of tests and procedure of administration are described 
in Chapter III. Briefly, 906 students in grades 7 through 12 in a 
single school authority were tested in groups for (a) conservation of 
weight, (b) conservation of volume, and (c) understanding of the 
displacement law, by means of oral questions with demonstrations; and 
for (d) atomistic schemes of compression and dilatation by means of a 
short written test. Weight conservation items included both simple 
and complex transformations. Volume conservation items included both 
verbal and ATER ReT Teeter ions: and both rigid-body and plastic-body 


transformations. In addition, for most of the grade 9 subjects in the 
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sample, results on previously administered standardised tests of science 


achievement and scholastic aptitude were obtained. 


Assumptions 


Generally, the present study assumes Piaget's theoretical 
position. Thus it is assumed that there is a uniformity of development 
of thought structures, and that the sequence and the structure can be 
examined by "tapping" behaviour at various points in the sequence. More 
specific theoretical and procedural assumptions include the following: 

1. Although volume conservation and the law of displacement 
are related concepts, they are nonetheless distinct. 

2. There is no great variation in curriculum experiences of 
the subjects in the sample. 

3. The grade 9 section of the sample (for which results of 
standardised tests were available) is representative of the sample as 
a whole. 

4. In the testing, subjects understand the questions and do 
not look for extraneous factors or "tricks" when the question appears 
to be very easy.° 

5. Subject-experimenter interactions and other reactive 


effects of the testing procedure are negligible. 
Delimitations 


Delimitations imposed by time-cost considerations include the 


following 


1. The study in cross-sectional rather than longitudinal. 
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2. Subjects were tested in groups rather than individually. 

3. The test length was limited to 40 minutes to coincide with a 
normal school period. 

4. Classification of subjects was limited to the categories 
conserver and nonconserver. No attempt was made to isolate transitional 
cases. In addition, more or less arbitrary delimitations imposed on the 
study include the following: 

5. Only secondary school (grades 7 through 12) students were 
tested. 

6. Physical quantity concepts tested are restricted to those of 


weight and volume. 


CONSERVATION OF WEIGHT 


It appears now well established that weight is conserved by the 
age of 10 years on the average. It may be asked however whether all 
subjects in secondary school grades conserve weight, or whether some 
students develop this ability during the secondary school grades. 
Further, the results of some experiments (King, 1961; Lovell & Ogilvie, 
196la) indicate that subjects who conserve weight in simple transformations, 
like deformation of clay, may not conserve weight in more complex 
transformations, like change of state of water. It may be asked 
therefore whether nonconservation in complex transformations like 
change of state can be demonstrated to exist in secondary school students, 


and if it does exist, whether it can be explained in Piagetian terms. 


Accordingly, the following hypotheses are proposed: 
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1.1 There are students in secondary school grades who may be 
classed as nonconservers of weight in simple transformations 
like change of shape. 

1.2 There are students in secondary school grades who may be 
classed as conservers of weight in simple transformations 
but who do not conserve weight in complex transformations 
like change of state. 

1.3 The incidence of nonconservation of weight in both simple 


and complex transformations decreases with grade. 


VOLUME CONSERVATION 


Although according to Piaget (Piaget & Inhelder, 1968) most 
BUBVeCEar conserve volume by the age of 11 or 12, there is evidence 
(Elkind, 1961c; Uzigiris, 1964) that up to 30 per cent of grade 12 
students may not conserve volume, Elkind's results also indicate that 
greater proportions of males than females conserve volume in the junior 
and senior high school. Uzigiris (1964) notes that her results for 
proportions of conservers are at variance with results obtained by 
Piaget (1968) and by Lovell and Ogilvie (1961), but in agreement with 
those of Elkind (1961c). Uzigiris suggests that the kind of question 
asked in a volume conservation experiment may affect the results--higher 
proportions of conservers being obtained when the question is asked in 
terms of displacement levels caused by immersion of bodies in water, 
than when the question is asked in terms of space or room occupied by 


bodies. Briefly, conservation of volume is tested by showing the subject 


sd yen odw esbayg Loodde qrebmossa nb asaobuve ove otgdT So 
saoliemrotenard olqmte nt adgisw io eTevieanos 26 begeptsy . 


enodtemabiens:3 “aiqmo> ni tdgiew avisenoa Jon ob ofdw aud 
odese Yo Sgnedo Saki 
sigw@te died mi aigtsw 10 motisvisenoonon to gonsblaat ait €.f 


-sba7g diiw ssepe209b enoltemrrotens33 xslqmog brs 


YOITAVARSHOD AMULOY  . 


geou (Ba0! ,xsbiednl 2 gogeif{) tagsid o2 anibrooos dguonata 


gonsbivs et exsd? ,SP so II to sge sd vd sauloy syvisenoo *.so0tdus 


Sf sboxg Fo dnso 19q O£ oF qu ted3s (ede! aitkalsU yolae! . briala) 


dart S3eulbat osls eadivesr atbaldid .omvuloy avisenoo Jom yom adnobuae 
aoinel edi mt smuloy syisadoo aaisms? acid aslam to enoiizrogozg TS3e97y 
+0? aafuper 19d gedi aston (#00!) ettistst .loofbe daid sokase bow 


vd bsatetdo ejluge7 dilw soopizay 36 Sts azsviseM0D to anolsx9go7g 


riziw dromeorgs at Jud ,(1del) steligO bas Elaval yd bos (8024): jogait 


aoizasup to brid onfd todd atsoggue eltights! .(>160!) balla Yo sora 
yeilgid--gilues1 odd joodtes yam Jnomtizsqxe adliavisenon saulov » mt betes 
at Sexes @) noltasup edi nedw benteido gated ezsvisanos 20 anolsroqorq, 
,raagaw at asibod to iateséent yd soeuno afeve! toonoonlgatb to amres 

yd beiquaso woot to sasqe io amrp2 of bexen at aolsesup sd3 medw ands 
399tdus odd gatwode yd betes. et smvlov Yo aotsavisenoo .vitety .astbod 


two identical bodies, transforming one of them (by changing its shape or 
dividing it etc.), then asking the subject a question in order to 
determine whether he understands that the volume of the transformed body 
is still the same as the volume of the untransformed body.> Two ways 
of asking the question are (a) "Do the two bodies take up the same amount 
of space or room?''--the verbal question, and (b) "If the two bodies are 
immersed in identical containers of water, will each cause the water 
level to rise the same amount ?''=-the displacement question. In effect, 
the suggestion of Uzigiris is that a verbal question is more difficult 
than a displacement question, possibly because it tests the volume 
concepts at a more abstract level. It is proposed here however that a 
subject may correctly predict the level which results from immersion of 
a transformed body without actually conserving volume if he thinks 

that the weight of the immersed body determines the displacement level. 
By conserving weight, such a subject may appear to be conserving volume. 
It may be asked in this connection what links exist between the 
conservation of volume and understanding of the displacement law (the 
recognition that an object immersed in fluid displaces its own volume of 
fluid), at least when water is the displaced fluid. 

Another methodological difference in volume conservation testing 
concerns the type of transformation used. Two types of transformation 
may be discerned: (a) a "rigid-body" transformation, which involves no 
more than division of a body or rearrangement of separate sections 
(e.g. blocks), and (b) a "plastic-body"” transformation, which involves 
the change in shape of a plastic body. The descriptions refer to the 


transformations, not to the objects being transformed, so that a rigid- 
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body transformation may be performed on a plastic material--e.g. a piece 
of modeling clay may be cut into a number of pieces. Another example of 
a rigid-body transformation is the rearrangement of a stack of cubes to 
form a stack with different dimensions. An example of a plastic-body 
transformation is the squeezing of a ball of modeling clay into a sausage 
shape. Intuitively it seems that the squeezing out of clay may appear 

to involve compression or dilatation and hence be a more difficult volume 
conservation problem than restacking of cubes. 

Accordingly, the following hypotheses are proposed with reference 

to the displacement law: 

2.1 There are significant proportions of students in secondary 
school grades who do not recognize that a body immersed in 
water displaces its own volume of water (i.e. do not under- 
stand the displacement Tea ie 

2.2 Higher proportions of girls than boys do not understand the 
displacement law. 

The following hypotheses are proposed with reference to the 

conservation of volume: 

3.1 There are significantly large proportions of students in 
secondary school grades who may be classed as nonconservers 
of volume, 

3.2 Higher proportions of boys than girls conserve volume. 

3.3. The proportion of nonconservers of volume in rigid-body 
transformations (involving only simple sectioning or 
relative displacement of separate parts) is lower than the 


proportion of nonconservers of volume in plastic-body 
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transformations. 

3.4 Higher proportion of nonconservers of volume are found in 
tests involving verbal questions only, than are found in 
tests involving displacement of water only, because of 
subjects who believe weight causes displacement and thereby 


conserve weight, not volume, in the displacement question. 


MENTAL ABILITY AND SCIENCE ACHIEVEMENT 


Elkind (196lc), Goodnow and Bethan (1966) and Hermeier (1967) 
have demonstrated links between conservation ability and mental ability. 
In the present experiment sex differences will be sought in relation to 
conservation ability. Therefore it may be asked whether any sex 
difference which might be found is not the result of a difference in 
mental ability between the sexes in the sample being tested. Accordingly 
the following hypothesis is proposed: 

4.1 No sex difference in mental ability exists in the sample 

tested for volume conservation, 

In addition there is evidence (Leon, 1972) that science 
achievement is correlated with conservation ability. It may be asked 
more specifically whether moderate to high science achievement is 
incompatible with lack of weight conservation. Accordingly the following 
hypothesis is proposed: 

4.2 A tendency exists for subjects whose scores are below the 

mean in a test of weight conservation to have scores 


below the mean in a test of science achievement. 
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ATOMISTIC SCHEMES 


According to Piaget (Piaget & Inhelder, 1968), achievement of 
conservation of volume is accompanied by the spontaneous development of 
particulate representations or "atomistic schemes" of compression and 
dilatation. By means of such schemes, the subject reduces volume changes 
to systems of increases or decreases in the distances between particles 
of invariant weight and volume. The Piagetian notion of atomistic 
schemes will be discussed extensively in Chapter II. It may be asked 
whether a link can be established statistically between possession of 
these atomistic schemes and volume conservation. Accordingly the 
following hypothesis is proposed: 

5.1 Attainment of volume conservation is significantly correlated 

with attainment of atomistic schemes of compression and 


dilatation. 


SUMMARY 


In a preliminary discussion of the background to the problen, 
the following points have been made: 

1. Experimental evidence and Piagetian theory indicate that 
some students in secondary school grades may not have developed 
quantified concepts of weight or volume. 

2. Experimental evidence indicates that more girls than boys 


in secondary school grades may not have developed adequate concepts of 
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volume. 

3. Piagetian theory and experimental evidence indicate that 
atomistic schemes of compression and dilatation may develop spontaneously 
along with the concept of volume. 

4. Discrepancies among the results of: various volume conserva- 
tions experiments indicate that the method of testing employed may 
affect the levels of conservation found in a given experiment. In 
particular, two variables associated with the testing method can be 
separated: (a) the type of transformation used, and (b) the type of 
question asked. 

Accordingly a number of specific hypotheses were advanced to 
test 

(a) whether for some subjects concepts of weight and volume 
develop during the secondary school grades, 

(b) the effects on weight and volume conservation of varying 
the methodology of testing, including the transformation 
and the type of question asked, 

(c) differences according to sex in acquisition of weight and 
volume conservation, 

(d) relationships between volume conservation and subjects' 
notions of displacement of liquids, 

(e) relationships between volume conservation and subjects’ 
particulate or atomistic schemes of compression and 
dilatation. 

(£) relationships between weight conservation and science 


achievement. 
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OUTLINE OF THE REPORT 


In Chapter II, the theoretical framework of the study will be 
discussed in depth, and research related to the present study will be 
reviewed. In Chapter III the design of the experiment will be detailed 
and discussed. The results of the experiment will be reported in 
Chapter IV and discussed in Chapter V. Chapter VI will conclude the 
report with a discussion of implications of the study for (a) science 
curriculum in secondary school grades, (b) methodology of volume 


conservation testing, and (c) further research. 
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FOOTNOTES -- CHAPTER I 


Years of publication in citations refer to the edition used in 


preparation of the present study. These do not necessarily correspond 


to the years of original publication, especially when the reference 
is to an English translation of a Piagetian work. Hence any order 
or sequence implied by the years in parentheses is certainly not 
the order of first appearance of Piaget's works. 

The theoretical background is discussed in depth in Chapter II. 
Certain precautions against this possibility were taken in the 
administration of the tests. These precautions are described in 
Chapter III. 

That is, more than 75 per cent. 

The methodology of volume conservation testing is examined in 
detail in Chapter II. 

Operational criteria for understanding of the displacement law will 


be defined in Chapter IV (p. 92 ). 
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CHAPTER II 


BACKGROUND TO THE STUDY 


The review of the literature which follows will commence with 
an outline and critique of the seminal work on physical quantity concepts 
by Piaget and Inhelder (1968). Subsequent development of Piaget's 
position with respect to the conservation of volume will be examined. 
A discussion of the methodology of conservation testing in general and 
of volume conservation testing in particular will follow. Finally, 
in the light of the preceding theoretical discussions, replications, 


refinements, and related studies will be reviewed. 


PIAGET AND INHELDER 


Le Développement des Quantités 


The first edition of Le développement des quantités physiques 


chez l'enfant (Piaget & Inhelder, 1968), published in 1941 under a 
slightly different title, + was a follow-up work to The child's conception 
of number (Piaget, 1952). Physical quantity is defined by Piaget as 

the generalisation and application of "numerical" quantity to notions 

of matter, weight, and volume. The subject becomes aware of these 
notions through his own actions. He does not encounter them as single 
enumerable items to which number can immediately be applied. The 


central problem in Le développement des quantités then is how the child 


achieves the application of numerical concepts to the physical properties 
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of having substance, having weight, and occupying space (substance, 
weight, and volume). This achievement results in quantified substance, 
weight, or volume concepts. According to Piaget, the acquisition of 
conservation, i.e. the behaviour displayed by a subject when he is aware 
that a given property must remain invariant in some transformation of a 
body, is both a condition and a result of theqantification of that 


property. 


Sequence of Development of Physical Quantity 


In an extended series of experiments, Piaget and Inhelder (1968) 
were able to discern four stages of development in the child's acquisition 
of physical quantity. In the first of these experiments, 180 subjects 
aged from four to ten years were shown two identical balls of aniaiine 
clay, one of which was then transformed by changing its shape or 
breaking it into smaller pieces. Subjects were asked whether the 
amount of clay, the weight of clay as measured on a balance, or the room 
occupied in water by the clay were the same for the transformed ball 
as for the untransformed ball. In the first stage (Stage I), before 
7 or 8 years on the average, the subject does not conserve substance 
(quantity of matter), nor weight, nor volume. Apparently he conceives 
of no aspect of the object which remains unchanged in the transformations. 
In the second stage (Stage II), from 8 to 10 years on the average, the 
subject conserves substance, but believes that both weight and volume 
vary in the transformations. In the third stage (Stage III), from 10 
to 11-12 years on the average, substance and weight are conserved, but 


not volume. In the fourth stage (Stage IV), the subject is convinced 
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that throughout the transformations the amount of clay, its weight, 
and its volume remain unchanged. In each of the last three stages a 
transitional phase or sub-stage was discerned (Sub-stages IIA, IIIA, 
IVA) in which the subject conserves in some transformations but not in 
others. The second sub-stage (IIB, IIIB, IVB) is marked by necessary 
conservation, i.e. conservation affirmed in all situations as a 
logical necessity. 

Piaget claims that this four-stage sequence of development 
represents an invariable order. Apparently no subjects were found who 
were able to conserve volume but not weight, or weight but not substance. 
Each conservation in turn is thought to be achieved through a grouping 
of concrete aevat COMBE Physical quantity involves "physical" or 
"infralogical" operations whereas numerical quantity involves "logical" 
operations. Grouping of the physical operations is effectively a 
reduction of the transformations to systems of sectionings and 
displacements of parts of the object being transformed. Piaget claims 
that an exactly similar grouping of operations is required for each 
physical quantity in turn, even though years may intervene between their 
successive achievement. These seemingly paradoxical lags or décalages 
are indicative of the nature of concrete operational systems. Such 
systems are initially specific to the content for which they are 
structured, and have to be reconstructed anew for each new empirical 
content (cf. Piaget & Inhelder, 1958, pp. 281-282). The invariable 
order of achievement of these groupings for substance, weight, and 
volume is explained both as an order of difficulty and as a hierarchy of 


prerequisites. Invariant substance is initially only an intuitive notion 
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that something is conserved. Invariant weight is more difficult to 
achieve because it is known only through actions of the subject, and it 
remains tied to misleading perceptual associations for some time. 
Invariance of weight presupposes a more basic entity to which weight 
can be ascribed. Invariant volume requires the solution of some 
relatively complex problems as will be seen below, and invariance of 
volume presupposes a fixed consistency of matter which to the child 
implies conservation of weight (pp. 318-319). In later works (Piaget, 
Inhelder & Szeminska, 1960; Piaget & Inhelder, 1958), Piaget insists 
that volume conservation requires formal operational concepts (see 
below, pp. ‘23-25 ), 

Atomism. In Le développement des quantités, attention was not 
confined to deformations of a ball of clay--in a second experiment 
more than 100 children aged from 4 to 12 years (p. 84) were shown sugar 
lumps being placed in water and subsequently dissolving. They were 
asked to explain what was happening and to say whether the weight would 
remain the same and whether the increased water level would be maintained 
as the sugar dissolved. A sequence of development was found to exist 
for this transformation which was parallel with the sequence for the 
simpler deformation of clay. If groupings of physical operations of 
sectionings and displacements are required for quantity conservation, 
then the elements being sectioned or displaced in the case of dissolution 
of sugar would have to be invisible individual elements. That is to say, 
conservation of physical quantity would require a particulate concept 
of matter--a concept of "atomism". Piaget claims to have detected a 


progressive construction of atomism in an ever-increasing number of 
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subjects from stage to stage in the developmental sequence of physical 
quantity (p. 84). Conservation of volume, Piaget maintains, is achieved 
only with the construction of atomistic schemes of compression and 
dilatation, in which volume changes are envisaged as decreases or 
increases in distance between equivalent particles of invariant weight 
and volume (p. 66). 

In the dissolution of sugar experiment, Stage I (nonconserving) 
subjects were found to believe that the sugar lost all existence as it 
dissolved. Stage II (substance conserving) subjects were found to 
oscillate between ideas of metamorphosis (sugar turns to water) and 
nascent atomistic constructions (the sugar splits up into weightless 
invisible particles which occupy no space). Stage III (substance and 
weight conserving) subjects were found to display atomistic schemes 
based on particles (grains, packets, powder) which had invariant weight, 
but which occupied no room in the water. Stage IV (volume, weight, 
and substance conserving) subjects were found to display atomistic 
schemes of compression and dilatation based on particles of invariant 
weight and volume. A given stage of conservation was always accompanied 
by appropriate atomistic schemes, which apparently were spontaneously 
constructed by the subjects as they were confronted with the experimental 
facts of the situation (that the liquid level and the weight remain 
unchanged as the sugar dissolves). 

Further evidence for the construction of atomistic schemes in 
parallel with achievement of conservation was obtained in a third 
experiment by questioning subjects about the popping of corn and 


expansion of mercury in a thermometer. Subjects failing to conserve 
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volume (Stage III) were found to envisage the expansion as swelling of 
the constituent particles. Volume conservers again were found to have 
atomistic schemes of compression and dilatation involving particles of 
invariant volume, 

According to Piaget, the atomistic schemes of compression and 
dilatation are not merely collections of representational imagery, but 
are inseparably related to the grouping of operations necessary for 
conservation of volume, and result from that grouping (p. 156). The 
role of imagination is subservient to the requirements of the construction 
of the operational system (p. 139). To illustrate, the earliest 
representational schemes for the dissolution of sugar consist of 
irreversible evanescence of sugar grains. The operational requirements 
for Stage IV conservation are provided by representations involving 
displacements of particles of invariant weight and volume. These are 
the very representations found in Stage IV subjects. 

Density. In a fourth experiment, subjects were required to 
explain why a small pebble was heavier than a larger piece of cork, or 
why two stones of the same apparent volume (one pumice) had different 
weights. Again four stages were discerned, parallel with those already 
discussed. In the first two stages, differences in density are 
explained by irrational references to some inherent nature or to an 
imagined history of the objects. In Stage III, the differences are 
explained in terms of a kind of "fullness" of matter, while in Stage IV, 
the differences are explained in terms of compactness of separate 
particles and density is seen to result from an inverse-proportional 


relationship between apparent volume and the "corpuscular quantity of 
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matter" (pp. 178-179). The concept of density is thus not achieved until 
after a concept of physical volume. 

Form and Content. The remaining experiments in Le développement 
des quantités were designed to help solve the problem of the relationship 
between thought and experience, or in other words, between the form of 
the operational groupings or groups and their content. Subjects were 
asked to seriate weights or volumes, and to perform other logical 
operations like transitivity etc. upon weights and volumes. It was 
concluded that the ability to perform such operations on a given 
physical quantity is achieved at the same time as conservation of that 
quantity but not before, in spite of the fact that the child can perform 
such operations on numerical quantity at mich lower ages. Then in the 
light of the experimental findings, Piaget proceeds to make the point, 
in a lengthy theoretical discussion, that form and content, or thought 
structures and experience, do not exist independently from one another 
but are completely interdependent. The four factors he believes to 
be involved in the elaboration of thought structures are maturation, 
experience, social interaction, and equilibration between these three. 

Critique. It has become platitudinous to criticise the faults 
of method and reporting associated with the work of Piaget, but there 
are some very unfortunate omissions in Le développement des quantités 
which create unnecessary difficulties for the reader. For only two of 
the investigations are numbers of subjects reported. In only one of 
the investigations is a tabulation of the results given. No descriptive 
information is given about the subjects other than their ages, and 


there is no indication of whether or not the same subjects participated 
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the identity of the two configurations. Mere identity, otherwise 

called "pseudo conservation" (Piaget, 1967) can occur when one essential 
element of the conservation problem is missing--immediate perceptual 
difference in the two configurations. When there is no comparison 
initial configuration, the subject has to imagine what the initial 
configuration was. As Elkind (1967) puts it, through "memory 
falsification" the subject may arrive at pseudo conservation. Similarly, 
the final configuration must also be present in the final comparison. 
Piaget (Piaget, 1967; Piaget & Inhelder, 1971) has demonstrated the 
existence in subjects of "false anticipatory images.'’ Thus if a 

subject who recognises identity of a body in a transformation has to 
imagine either the initial or final configuration, his memory of the 
initial configuration or his anticipatory image of the final 
configuration will be such that the observed and imagined configurations 
will be perceptually identical. In short, in the absence of either the 
comparison initial configuration or the final configuration, what 
purports to test conservation may merely test identity, an acquisition 
prior to conservation. The proportion of conservers found in such a 
test would thus be an overestimate. Therefore the first essential 


element in a conservation test is 


A. presence of both the final configuration and a comparison 
initial configuration for comparison by the subject. 


Between the final and initial configurations is the transforma- 
tion (step 2). There is evidence that actual demonstration of the 
transformation may not be essential. Phillips (1970) tested two 


groups of subjects for volume conservation. The transformations were 
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actually demonstrated to subjects in one group and were merely described 
with the aid of pictures to subjects in the other group. No difference 
in the proportions of conservers was found between the two groups. 
Nonetheless, whether it is described or demonstrated the transformation 
is an essential element of the conservation test. Without the 
transformation, the test is not of conservation but of estimation of 
the physical quantity. According to Elkind (1966), estimation is a 
more difficult task than conservation. In fact, the logical certainty 
characteristic of necessary conservation could not be possible for an 
estimation of whether two give bodies were equal in weight or volume. 
Therefore the second essential element of a conservation test is 

B. demonstration or at least description of the transformation. 

An important related question is what difference the actual 
transformation makes, i.e. are subjects more likely to conserve in one 
transformation than in another? Piaget obviously saw that some subjects 
conserve in some transformations and not in others, since his tests 
always include a variety of transformations. A subject who conserves 
only for some transformations is classed as a transitional case. The 
weight conservation tests used by Piaget and Inhelder (1968) involve 
three different transformations of clay--(a) rolling a ball into a 
sausage, (b) flattening a ball into a pancake, and (c) breaking a ball 
into several pieces. If a test uses only one transformation, then there 
is no easy way to distinguish necessary conservers from transitional 
conservers. Therefore the third essential element of a conservation test 
is 


C. »use of va,variety of transformations. 
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Some of the experiments which will be reviewed use a volume 
conservation test with a different type of transformation than 
deformation of clay. This type of test is based on the volume 
conservation experiment described in The child's conception of geometry 
(Piaget, Inhelder, & Szeminska, 1960). In this experiment, the 
transformations consist of rearrangements of a fixed number of cubes 
to form rectangular solids with different dimensions. In the 
preceding chapter (pp. 8-9) this type of transformation was labelled 
"rigid-body" as compared to "plastic-body" for deformation of clay. 

It was hypothesised there that fewer subjects might conserve in 
plastic-body transformations than in rigid-body transformations. Thus 
an important theoretical question is what determines the relative 
difficulty of different transformations for the transitional conserver. 

In an experiment designed to test the "situational generality" 
of conservation, Uzigiris (1964) tested substance, weight, and volume 
conservation in a series of different "situations." Three different 
kinds of transformations were used with each of four different 
materials (making 12 combinations). The four materials were plasticene, 
metal cubes, wire coils, and plastic wire. Significant differences were 
found among scores for the four different materials. Now if the 
deformations of the plasticene and the rearrangements of the metal 
cubes are taken as examples of plastic-body transformations and 
rigid-body transformations, respectively, then a comparison of the 
proportions of conservers for these two materials actually represents a 
comparison of the two types of transformation. For 12-year-old subjects 


(N = 20), the proportions of volume conservers were 20 per cent for 
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plasticene, and 30 per cent for metal cubes. For a given material, the 
effects of different transformations are indicated by the proportions 
of subjects who conserve for either one or two of the three 
transformations. For conservation of volume, the proportion of such 
subjects was 5 per cent in all four materials for the 12-year-old 

Su byectisn 

Uzigiris' transformations were, however, only marginally different 

from each other, and were arbitrarily selected rather than based on 
some theoretical position. Lovell and Ogilvie. (196la) found in the 
course of a weight conservation experiment that changes in "hardness" 
were very perceptually misleading. For example, 38 per cent of 50 
eleven-year-old subjects thought that butter would weigh more if it 
were cooled and hardened. King (1961) found that 64 per cent of 103 
eleven-year-old subjects thought that ice would weigh more than the 
corresponding amount of water. Vinh-Bang and Inhelder (Inhelder, 1968) 
found higher proportions of weight and volume conservers at a given age 
level for deformation of clay than for dissolution of sugar. For 
example, the proportions of ll-year-old subjects classed as conservers 
of weight were 96 per cent (N = 25) for deformation of clay, and 78 per 
cent (N = 27) for dissolution of sugar. Some transformations therefore 
(hardening of butter, freezing of water, dissolution of sugar) seem 

to be more "complex" than deformations of clay or restacking of blocks. 
Explanations for this complexity will be forwarded in Chapter V of the 
present study in relation to the data collected. 

The need for the presence of both configurations in the 


comparison, the need for a variety of transformations, and the effects 
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in different investigations. For example, it is claimed that the 
results showed that atomistic schemes developed in complete parallel 
with the quantity concepts. Presumably, to make such an inference it 
would be necessary to test for conservation and for atomistic schemes 
in the same subject. There is no indication whether or not the subjects 
in the popcorn and thermometer tests for atomistic schemes of 
compression and dilatation were tested for conservation of volume in 
the deformation of clay experiments. Neither is there any indication 
whether the various stages in the dissolution of sugar or in the popcorn 
and thermometer tests were achieved at the same time as they were 
achieved for deformation of clay tests. 

In general the reporting of experimental findings is limited 
to that of selected protocols of subjects who are readily classifiable 
in one of the stages or sub-stages. These protocols are quoted in 
illustration only, and the reader is left to guess at their typicalness. 
On the other hand, the actual method of testing is described in 


detail in every case, while even more detailed descriptions of the 


procedures are given by Inhelder in The diagnosis of reasoning in the 
mentally retarded (1968, pp. 343-352). 

The two most significant aspects of Le développement des 
quantités are (a) the demonstration of the substance-weight-volume 
décalage (i.e. the delay between the first grouping of operations for 
substance and its subsequent application to weight and volume), and 
(b) the analysis of the relationship between thought structures and 
experience. These two aspects themselves can be taken to represent 


content and form, and are closely interrelated. What Piaget has shown 
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is how the acquisition of physical quantity follows a lengthy, ordered, 
invariable sequence of development, characterised by décalages (the 
reconstruction, for successive empirical content, of thought structures 
which have the same form). Further, he has demonstrated the existence 
in the sequence of (a) synchronisms, e.g. the simultaneous appearance in 
subjects of conservation of weight and the ability to seriate weights, 
and (b) uniformities, e.g. the exact parallel between the logical and 
physical operations, or the identical nature of conservation once 
achieved whether for substance, weight, or volume. It is the 
examination of these four: invariable sequence, décalages, synchronisms, 
and uniformities, which forms the experimental and theoretical basis 


of Piaget's theory of cognitive development. 


Developments in the Problems of the Volume Concept 


In works subsequent to Le développement des quantités Piaget 


appears to have modified his ideas about the concept of volume. The 
impression conveyed in the initial work was that volume conservation 

and the quantification of volume are achievements of concrete-operational 
thought. The main obstacles to the conservation of volume were seen to 
be the necessity to disentangle the volume-weight-density relations and 
to construct an atomistic scheme of compression and dilatation. Ina 
later work (Piaget et al., 1960) Piaget claims that volume can be 
conserved only when the subject succeeds in establishing the appropriate 
relations between the volume of a body and the boundary surfaces, which 
requires operations "which are known to be impossible before the level 


of formal thinking" (p. 371). In addition the problem of volume was 
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shown to be complicated by the existence in younger children (about 

9 years) of conservation of "interior" volume but not of "occupied" 

or "physical" volume as studied in Le développement des quantités. 
Interior volume refers to the quantity of matter contained within the 
boundary surfaces, while occupied volume refers to amount of space 
occupied by the body. In yet another work (Piaget & Inhelder, 1958) 
Piaget states categorically that "the conservation of volume is not 
worked out completely before the beginning of the formal level 

Without a doubt the reason for this is that, in contrast to simple forms 
of conservation, which the subject masters by simple additions and 
compensations, the conservation of volume through change of form 
presupposes the ability to handle proportions" (p. 36). Are these 
respective positions conflicting or complementary? Certainly they are 
not integrated. The later statements about the roles of formal 
operations, of relationships between boundary surfaces and enclosed 
volume, and of proportionality schemes bring into question the earlier 
statements about the role of atomistic schemes as the representational 
forms of groupings of concrete operations. 

Whether the atomistic schemes are instrumental in the grouping 
of operations, or whether they are after-the-fact manifestations of 
the achievement of the grouping is not made immediately clear in Le 
développement des quantités. Piaget maintains that the imagery or 
symbolic representation is subservient to the requirements of the 
construction of the operational system (p. 139). He also maintains 
that only the one atomistic scheme of compression and dilatation leads 


to conservation (pp. 66-67). Again, the achievement of the correct 
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atomistic scheme of compression and dilatation is seen to be both the 
manifestation of the process (grouping of operations) which leads the 
subject to conservation, and the vehicle by which conservation can be 
explained (p. 159). A reasonable interpretation seems to be that the 
atomistic scheme is the final expression in concrete operational form 
of the solution which cannot be reached without the use of formal 
operational schemes. That is, although volume conservation is ultimately 
achieved as a grouping of concrete operations, certain prior problems 
have to be solved at a formal operational level. 

Apparently there are at least four necessary conditions for 
attainment of volume conservation; (a) conservation of weight, 
(b) establishment of relations among the boundary surfaces, the 
enclosed volume, and surrounding three-dimensional space, (c) pro- 
portionality schemes, and (d) atomistic schemes of compression and 


disiatd thou ae 
Flavell 


A clear and succinct summary of the first edition of Le 
développement des quantités is given by Flavell (1963, pp. 300-303). 
Flavell interprets the role of the atomistic scheme of compression and 
dilatation as a requirement for a "genuine grasp of the concept of volume 
and its relation to weight." An omission in Flavell's account is that 
it fails to place due emphasis on what is the major theme of the book, 
namely the interaction between thought structures and experience. 
Unfortunately, the descriptions he gives of the volume conservation 


experiments are seriously deficient as to detail. As he describes the 
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procedure, "A glass container with water in it is used as the common 
measure. The experimenter shows that each ball of clay, when placed 
in the container, causes the water level to rise to the same height. 
He then alters one of the balls and asks if it will still make the 
water rise to that same height." In fact, the Piagetian prcceduge: 
involves much more than this. First of all, the experimenter is 
careful to establish for the subject that it is not the weight which 
causes the displacement, stipulating that the rise is caused by the 
room occupied by the immersed object (Piaget & Inhelder, 1968, - 282) 
Moreover, the question is always posed by asking if the transformed 
object occupies the same room in the water as the untransformed object, 
as well as by asking if the water level rise will be the same (pp. 60- 
61). In the introduction to the second edition (Piaget & Inhelder, 
1968, p. xviii) Piaget describes an additional control--that of 
substituting a metal ball of the same dimensions for the untransformed 
clay ball before asking the conservation questions. It is not clear 
whether this procedure was used in the original experiments, or just 
in the subsequent standardisation experiments described in that 
introduction. Obviously a question asked in the manner described by 
Flavell can be answered correctly by subjects who conserve only weight 
if they believe that the weight of the immersed object determines the 


rise in level. 


CONSERVATION TESTING METHODOLOGY 


Before proceding to review physical quantity research based on 


SN gp 


D be 
ms ae te ine ob 
hag nid sols 26 Lind ane an 


add sdam ithm Lliw 3b ce is eftad od 20, octet 
Casubesorg meitogsld oift eye nt "“varigisd’ omse) toby od sehr setew 
at tesreabiegxs 243 Lie toJexJ4, .eld3 asda sxom dou sevbovm 7 
dofriw tdgtaw.erlt yoo et $2 4pd3 dosidpe 243 103 CRIS ADE 
std yd baaues ef Sait oft dena gotieluqis= Jovmanetgatb end antink 
(SRS gq ,BdCL ,soblofal 2 sagel%) tastdo baersmt oft xd bolqueso moos 
bomrrotenss3 si 24 gnicdtes yd bseog eyswds et sokjJaoup edd .tavos30M 
Jootdo benzetensiiay 343 26 y93sw adi mb-moo> omnes sd3_eatquss5 toed 
-09 .qa) ompe 9a ad Iflw seit Level yotey sda a) gotten yd en Mewes 
yra0fetml 3 toget2) molitbe brooae add o3 agisopborjat sda ot (18 | 
to Jeds--lorsmoo Ismoistbbs vs pedis oeak isgeld (itive .q ,Baet 
hemxolenaiaay sf tot emotansath suse sit to Sisd Istom s gniaustiedus 
mesf{o jon at II amibsiaty nolisyisenos sid gabtes sroted Lied yals 
Jeut yO ,etnemixsq%s [snigtto os ot bosy esw ssubs007q etifa a9djedw 
jad at bodizsesb atasmiisqxe notdsetbtsbaste tnoupsedve ofa ck. 
Wd bedivsuebh asnmam ait oi boxes noldesup 8 ylevotvdO ~.caolszapborani, 
tilgiew vino syiteenoo offw etzetidue yd yitosrreo bezswans sd gas Hever _ 
687 esrig3s35b Josftdo bsezsamr or2 to Jdakow od? Jeds evaded yada at 
.tevel mt eehy — 
) os 


- . ; —_—— a . p rt 
ao heesd an vittasup Isstaydq welver 03 gntbss01q s10te8 
| 7 aT | : af. : 6 


27 


the pioneer work of Piaget and Inhelder, conservation testing itself 
will be analysed. The analysis will provide a basis on which to 
examine both procedure and results in the experiments which will be 
reviewed. First the essential elements of a conservation test will be 
determined and their importance discussed. A brief discussion of 
criteria of conservation will follow, and finally conclusions will be 


reached about interpretation of quantity conservation experiments. 


Elements of Conservation Testing 


There are three essential steps in an orthodox Piagetian 
conservation task. These steps will now be outlined and then analysed 
for their essential elements. The steps are; 

1. Two identical bodies are demonstrated to the subject in 
some initial configuration--e.g. two balls of clay. 

2. One of the bodies is transformed as the subject observes-- 
e.g. one of the balls is rolled out into a sausage. 

3. The subject is required to compare the transformed body 
with the untransformed body in terms of some operational measure of 
the quantity being tested--e.g. the subject is asked if the ball and 
sausage will weigh the same on a balance, or will raise the levels of 
water in two identical glasses to the same height. 

Elkind (1966) has shown the importance of starting in step l 
with two bodies, one of which remains unchanged throughout. Should one 
body only be demonstrated and then transformed, a subject may appear to 
conserve merely by recognising that it is the same body after the 


transformation as it was before. In other words the subject recognises 
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the identity of the two configurations. Mere identity, otherwise 

called "pseudo conservation" (Piaget, 1967) can occur when one essential 
element of the conservation problem is missing--immediate perceptual 
difference in the two configurations. When there is no comparison 
initial configuration, the subject has to imagine what the initial 
configuration was. As Elkind (1967) puts it, through "memory 
falsification" the subject may arrive at pseudo conservation. Similarly, 
the final configuration must also be present in the final comparison. 
Piaget (Piaget, 1967; Piaget & Inhelder, 1971) has demonstrated the 
existence in subjects of "false anticipatory images.'' Thus if a 

subject who recognises identity of a body in a transformation has to 
imagine either the initial or final configuration, his memory of the 
initial configuration or his anticipatory image of the final 
configuration will be such that the observed and imagined configurations 
will be perceptually identical. In short, in the absence of either the 
comparison initial configuration or the final configuration, what 
purports to test conservation may merely test identity, an acquisition 
prior to conservation. The proportion of conservers found in such a 
test would thus be an overestimate. Therefore the first essential 


element in a conservation test is 


Aye pGeseicerOn DOU cite final configuration and a comparison 
initial configuration for comparison Dyeche sub ecu. 


Between the final and initial configurations is the transforma- 
tion (step 2). There is evidence that actual demonstration of the 
transformation may not be essential. Phillips (1970) tested two 


groups of subjects for volume conservation. The transformations were 
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actually demonstrated to subjects in one group and were merely described 
with the aid of pictures to subjects in the other group. No difference 
in the proportions of conservers was found between the two groups. 
Nonetheless, whether it is described or demonstrated the transformation 
is an essential element of the conservation test. Without the 
transformation, the test is not of conservation but of estimation of 
the physical quantity. According to Elkind (1966), estimation is a 
more difficult task than conservation. In fact, the logical certainty 
characteristic of necessary conservation could not be possible for an 
estimation of whether two give bodies were equal in weight or volume. 
Therefore the second essential element of a conservation test is 

B. demonstration or at least description of the transformation. 

An important related question is what difference the actual 
transformation makes, i.e. are subjects more likely to conserve in one 
transformation than in another? Piaget obviously saw that some subjects 
conserve in some transformations and not in others, since his tests 
always include a variety of transformations. A subject who conserves 
only for some transformations is classed as a transitional case. The 
weight conservation tests used by Piaget and Inhelder (1968) involve 
three different transformations of clay--(a) rolling a ball into a 
sausage, (b) flattening a ball into a pancake, and (c) breaking a ball 
into several pieces. If a test uses only one transformation, then there 
is no easy way to distinguish necessary conservers from transitional 
conservers. Therefore the third essential element of a conservation test 
is 


GC. susenof a variety of transformations. 
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Some of the experiments which will be reviewed use a volume 
conservation test with a different type of transformation than 
deformation of clay. This type of test is based on the volume 
conservation experiment described in The child's conception of geometry 
(Piaget, Inhelder, & Szeminska, 1960). In this experiment, the 
transformations consist of rearrangements of a fixed number of cubes 
to form rectangular solids with different dimensions. In the 
preceding chapter (pp. 8-9) this type of transformation was labelled 
"rigid-body"’ as compared to "plastic-body"” for deformation of clay. 

It was hypothesised there that fewer subjects might conserve in 
plastic-body transformations than in rigid-body transformations. Thus 
an important theoretical question is what determines the relative 
difficulty of different transformations for the transitional conserver. 

In an experiment designed to test the "situational generality" 
of conservation, Uzigiris (1964) tested substance, weight, and volume 
conservation in a series of different "situations." Three different 
kinds of transformations were used with each of four different 
materials (making 12 combinations). The four materials were plasticene, 
metal cubes, wire coils, and plastic wire. Significant differences were 
found among scores for the four different materials. Now if the 
deformations of the plasticene and the rearrangements of the metal 
cubes are taken as examples of plastic-body transformations and 
rigid-body transformations, respectively, then a comparison of the 
proportions of conservers for these two materials actually represents a 
comparison of the two types of transformation. For 12-year-old subjects 


(N = 20), the proportions of volume conservers were 20 per cent for 
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plasticene, and 30 per cent for metal cubes. For a given material, the 
effects of different transformations are indicated by the proportions 
of subjects who conserve for either one or two of the three 
transformations. For conservation of volume, the proportion of such 
subjects was 5 per cent in all four materials for the 12-year-old 
subjects. 

Uzigiris' transformations were, however, only marginally different 
from each other, and were arbitrarily selected rather than based on 
some theoretical position. Lovell and Ogilvie (196la) found in the 

course of a weight conservation experiment that changes in "hardness" 
were very perceptually misleading. For example, 38 per cent of 50 
eleven-year-old subjects thought that butter would weigh more if it 
were cooled and hardened. King (1961) found that 64 per cent of 103 
eleven-year-old subjects thought that ice would weigh more than the 
corresponding amount of water. Vinh-Bang and Inhelder (Inhelder, 1968) 
found higher proportions of weight and volume conservers at a given age 
level for deformation of clay than for dissolution of sugar. For 
example, the proportions of ll-year-old subjects classed as conservers 
of weight were 96 per cent (N = 25) for deformation of clay, and 78 per 
cent (N = 27) for dissolution of sugar. Some transformations therefore 
(hardening of butter, freezing of water, dissolution of sugar) seem 

to be more "complex" than deformations of clay or restacking of blocks. 
Explanations for this complexity will be forwarded in Chapter V of the 
present study in relation to the data collected. 

The need for the presence of both configurations in the 


comparison, the need for a variety of transformations, and the effects 
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of varying the transformation have been discussed. The final step in 
the conservation test is the actual comparison in terms of the physical 
quantity being tested. This comparison should be in terms of some 
objective operational measure (e.g. balance or displacement level), for 
two reasons. 

The first reason is that it is impossible to be sure that the 
subject understands the question if it is asked with the use of terms 
like "same volume” or "just as heavy", especially since in their early 
stages of development, quantity concepts are undifferentiated or global. 
That is to say, "big" means "heavy" means "large" etc. Verizzo (1970) 
found that even for very bright children, terms like "mass", "weight", 
and "volume" were virtually synonymous. The second reason for the 
use of an objective measure of the physical quantity in the conservation 
test is that otherwise the subject may be led to think only in 
perceptual terms of the quantity being tested. In Piagetian theory, 
the achievement of conservation of a physical quantity means that the 
subject has progressed from (a) notions of the quantity in terms of 
the egocentric effects by means of which he came to be aware of it, 
to (b) understanding of the quantity in terms of objective interaction 
between bodies (Piaget & Inhelder, 1968, p. 59). Thus to ask, as some 
experimenters do, a comparison question like "'Now is the sausage heavier 
than the ball, or lighter, or the same?" without reference to the 
weight on the balance, is to lead the subject to rely on egocentric 
notions of weight. For instance when Hyde (1970) tested weight 
conservation with the ball-sausage transformation, she actually asked 


subjects to heft the ball and sausage in their hands, thus inducing 
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them to answer in terms of their perceptual judgements. Some of Hyde's 
nonconservers of weight would likely have conserved if the question had 
been asked in terms of a balance. 


Thus the fourth essential element in a conservation test is 


D. use of an objective operational measure of the physical 
quantity being tested in the final comparison. 


For weight conservation testing, the operational measure is 
relatively simple--the balance. The measure for volume in terms of 
displacement level of water on immersion of the configurations seems 
simple enough, but for a long time, at least until the age of 11 or 
12 years, children do not understand the phenomenon of displacement 
of liquids (Piaget & Inhelder, 1968, Ch. VII). Children first explain 
the displacement in terms of a kind of struggle between the Liquid 
and immersed object. In this "“animistic'' kind of displacement "Law'' 
the immersed object is thought to be pushing the water up. At later 
ages, children explain the displacement in terms of the weight of 
the immersed object. The results of the present experiment will show 
that up to 50 per cent of girls at grade 12 level still retain this 
erroneous notion that weight causes displacement. Therefore to many 
subjects the displacement law is not a measure of volume or space 
occupied. 

The problem is overcome by Piaget and Inhelder in two ways: 
(a) by showing the subject at the start that it is the size of the 
immersed object that counts, not the weight, and (b) by asking the 
subject explicitly about the room or space occupied in the water by 


the immersed object (Inhelder, 1968, p. 344; Piaget & Inhelder, pp. 60- 
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61). A third control, substitution of a metal ball of the same size 
for the untransformed clay ball, is described by Piaget (Piaget & 
Inhelder, 1968, Introduction to Second Edition, p. xvii), but it is 
not clear whether this procedure was used in the original experiments. 
Inhelder (1968) makes no mention of this control in The diagnosis of 
reasoning in the mentally retarded, where the tests are described in 
practical terms, so it must be suspected that the control was not used 
in the original experiments. Furthermore, Vinh-Bang and Inhelder 
(Inhelder, 1968; Piaget & Inhelder, 1968) report two sets of proportions 
of volume conservers, one being of "a certain number of subjects 
explaining Auenilenenear by the action of weight" (writer's translation). 
For ll-year-old subjects, this proportion was reported to be 24 per 
cent (N = 25). It seems reasonable that volume conservation is related 
to the understanding that volume causes displacement, but it seems also 
that the displacement question alone is not a valid test of volume 
conservation. 

Thus in examining the results of a volume conservation experiment, 
two aspects of the procedure should be looked for: 

(a) whether the experimenter asked a pure displacement question, 
or whether there was explicit reference to room or space occupied, and 

(b) if a pure displacement question was used, whether subjects 
were required to explain their answer, and if so, whether such 


explanations were used as criteria of conservation. 
Criteria 


Even if a conservation testing procedure has all of the elements 


dieien aria eeanev emia 
do shwoageth edt of Iozines otd3 to nt ere 
nt bedkzoesb 614 22099 de: aos 4 ab 

bony son as fordao> sft indi favs Maeeus 2 Seim 2 adie Teoks9ang 


gablorind boa giet-datv ,oro0rsihisri esmemi 1aqx9 Iaakgtxo adda 
noobszoqovg 20 BISe Ow! Az0qez (BILL jzsblodal 2 v9gysHT pOACX -voblene) 
@j05(Uus to tedmwn nistise o” to goted sno , avavisene amuloy Ro” 
«@igohisbaders a'xsditw) “idgitew lo m6tjos add, yd Jasmeosiqutb gotntslqus | 
taq AL od 99 batzoqe7 aw nolizcqosq allt ,229aldua blo-wssy-Et aot : 


beakisa wh mobteviseneds eaulov tet olvoncanss amsoa 40. 0S = By Sams 

aefe estese si sud .tadmeopigelb esxvaa saulov sav) gndhokiensbawoihas 

amulov 20 t209 bifnyesn toa et srols motdesup iosmaneliqeib st Jans 

.o0fe71Ssea0D 

«2namitaqss noivsvisanco smufoy 5 Io eilvasy sid gninimess ot edt a 
:g0% bow! ad bluode oxmbeserg sii to etasqes cm | - 

Moksesup Jasmessiqauth sxvq s bevns +sidsmizaqxs oii rordsdy (a) a? 

bos .hatquooo |2b78 20 moot 03 sonatsiss sioiiqxs saw axed? ssidsodvnd 

ajos{dug tadiedy ,bsau eaw folideaup inomsoeiqath aug 6 Rt (dp oe 


dove aeijedw ,ox 1} boe ,towans aledd Misiqxs oF besbypet atew 
-mobiaviesnoo to atysdiz5 es byeu sxsw enottedalgzs 


35 


described in the previous section, it is still necessary to determine 
what criteria will be used to classify the subject as a conserver or 
nonconserver. In the Piagetian clinical method, the decision for a 
given subject is made by the experimenter on the basis of all of the 
statements and actions of the subject in the individual interview. 

No statement is taken at its face value, but the interviewer probes 
and cross-questions, being careful not to lead the subject, in a 
difficult and skilled technique (Flavell, 1963, pp. 28-29; Inhelder, 
1968, pp. 343-346). 

Although the clinical method is very powerful in determining 
thought structures hitherto unknown, it is difficult to do, time- 
consuming, and liable to subjective error. Where statistical analysis 
is desired, more standard techniques of testing are required. Such 
techniques may take different forms. inkiélder and Vinh-Bang (Inhelder, 
1968) have developed a standardised form of the clinical method, 
described below (p. 40). Some experimenters (Beard, 1963; Goodnow, 1962, 
Lovell & Ogilvie, 1961) have employed more or less fixed schedules of 
questions in individual interviews, retaining final judgement by the 
experimenter as the criterion. Others (Elkind, 196lc, 1962; Teates, 
1971; Verizzo, 1971) have administered prepared sets of questions to 
subjects in groups. 

In any such standardised procedure, fixed Bei vette for 
classification as conserver or nonconserver have to be defined at the 
outset, but any such criteria must inevitably be somewhat arbitrary. 

A continuing controversy revolves around the question of whether 


subjects' judgements of equality of the initial and final configurations 
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are sufficient criteria for conservation, or whether subjects' 
explanations of their judgements should be taken into account. Goodnow 
(1962) and Goodnow and Bethon (1966) report two sets of proportions of 
volume conservers: one arrived at on the basis of judgements alone 
(volume 1), and the other on the basis of judgements plus explanations 
(volume i Elkind (196la, 1961b, 1961c, 1962), Lovell and Ogilvie 
(1961), and Phillips (1971) required correct explanations as well as 
correct judgements. Brainerd (1971), Hermeier (1967), and Teates (1971) 
used only judgements as the criteria. 

An excellent review af the judgements-explanations controversy 
is given by Brainerd (1972), who claims that a judgements-only criterion 
is to be preferred. Brainerd argues that & use explanations as criteria 
is to be unduly restrictive. He submits that the purpose of 
conservation tests is to infer the existence of thought structures, 
which according to Piaget are relatively independent of language. 
Therefore adequate explanations are sufficient but not necessary 
conditions for the inference of the presence of a given thought 
structure. In addition, an explanations criterion confines the response 
mode to the verbal, and this "unduly restricts the behavioral domain 
to which the theoretical construct (structure) applies."' Thus 
explanations criteria are liable on two counts to result in failure to 
infer the existence of a thought structure that does exist, l.e. 
explanations criteria "are subject to at least two sources of 
systematic Type II error.’ Judgements, on the other hand, ". . . from 
the standpoint of Piagetian theory . . . are not subject to any known 


source of systematic error." Brainerd's argument assumes however that 
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possibilities of inferring a thought structure which does not aug 
(Type I error) can be reduced to insignificant levels with appropriate 
testing methodology, but the previous discussion of the displacement 
question (pp. 33-34) indicates that it is far from an easy matter to 


eliminate Type I errors from volume conservation testing. 
Conclusions 


A summary of the conclusions reached in the preceding 
discussion of conservation testing follows. The experiments reviewed 
in the subsequent sections of this chapter will be examined in the 
light of these conclusions. 

1. The essential elements of a conservation test were seen to 
be: 

A. presence of both the final configuration and a 
comparison initial configuration, 

B. demonstration or at least description of the transforma-~ 
tion, 

C. use of a variety of transformations, and 

D. use of an objective operational measure of the physical 
quantity being tested in the final comparison. 

2. Any reported conservation test should be examined for the 
presence of these elements. Absence of A (both initial and final 
configurations demonstrated) probably results in overestimation of 
conservation levels through pseudo conservation. Absence of B 
(demonstration or description of transformation) makes the test one of 


estimation of quantity rather than conservation. Absence of C (use of 
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a number of transformations) probably overestimates conservation levels 
by including in the classification transitional cases. Absence of D 
(objective measure) may underestimate the conservation levels by 
leading subjects to rely on perceptual or egocentric notions of the 
physical quantity. 

3. The use of judgement of displacement levels as the only 
criterion of conservation of volume probably results in overestimation 
of conservation levels because of misunderstanding by subjects of the 
phenomenon of displacement of liquids. The reports of procedures of 
volume conservation experiments should be examined for the use of 
either (a) prior stipulation to subjects that it is the volume (room 
occupied in the water) which causes the displacement, not the weight, 
or (b) explicit questioning of subjects about room or space occupied. 

4, The use of subjects' explanations of their answers to 
conservation questions as criteria for the existence of conservation 
probably results in underestimation of the level of conservation, being 
too restrictive a criterion. 

5. Two additional theoretical questions arose in the course of 
the discussion: 

(a) What factors determine the relative difficulty of 
conservation questions for transitional subjects? 

(b) Why is it that subjects who conserve weight for 
deformation of clay do not conserve in other more 


"complex" transformations like change of state? 
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RESEARCH RELATED TO PHYSICAL QUANTITY CONSERVATION 


Research related to the original physical quantity conservation 
experiments by Piaget and Inhelder (1968) will now be discussed. It 
will be convenient to consider the research under two headings-- 
replications, and relational experiments. Some experiments will be 
discussed under both headings. Only those aspects of the experiments 
reviewed which relate to conservation of weight and volume in older 
children (age 11 or above) will be discussed, and as a general rule, 


results quoted are excerpted from more extensive tables of results. 


Replication and refinement 


Using standardised procedures, testing of physical quantity 
conservation has continued at Geneva with the production of objective 
statistical data (Inhelder, 1968; Piaget & Inhelder, 1968). Proportions 
of conservers of substance, weight, and volume have been established 
at various age levels in groups of 25-30 subjects. For transformation 
of clay, 96 per cent of ll-year-old children were found to be 
conservers of weight, 80 per cent conservers of volume. For dissolution 
of sugar, 80 per cent of ll-year-old subjects were found to be conservers 
of weight, 57 per cent of volume. If the proportion of volume 
conservers is reduced by the numbers of subjects who explain 
displacement level in terms of weight, then 56 per cent of 1l-year- 
old subjects conserve volume for deformation of clay. It was found 
also that learning of the displacement law (which implies conservation 


of volume) could be induced in two or three successive trials in which 
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subjects were required to judge the displacement level, observe the 
level experimentally, and explain the observed level. In the first 
trial, only 48 per cent of 27 twelve-year-old subjects gave correct 
explanations, but by the third trial, 92 per cent gave correct 
explanations. The standardised procedure used in these tests is 
still fundamentally a single-subject interview method. It consists 
of a "strategy in interrogation which . .. anticipates the various 
possible modes of reaction and prepares in advance a series of 
interventions'' which enable the experimenter to interpret the reactions 
(Inhelder, 1968, p. 316). 

The most notable replications of the weight and volume 
replications are those of Elkind (1961b, 1961c, 1962) and. Lovell 
and Ogilvie (196la, 1961b). In Elkind's procedures, the experimenter 
showed individual subjects (1961b) or groups of subjects (196lc, 1962) 
identical balls of clay, and asked them to predict whether the amount 
of clay would be the same if one of the balls was rolled out into a 
sausage. Subjects in groups recorded their responses on paper. The 
experimenter then actually performed the transformation, and asked 
students to judge whether the amount of clay in the sausage was the 
same as in the ball. Subjects were then asked to explain their 
answers. A score of one was assigned for a correct response so that 
subjects could score a possible three points for conservation of 
substance. For weight and volume conservation testing, the words 
"weight" and "volume" or ''amount of room'' were substituted for 
"amount'', To be classed as a conserver a subject required a score of 


three, i.e. correct prediction, judgement, and explanation). In the 
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experiment performed with 469 junior and senior high school students, 
Elkind (1961c) found the following per cent of weight conservers: 

grade 7 boys -- 71 (N = 56) 

grade 7 girls -- 86 (N = 66) 

grade 12 boys -- 100 (N = 14) 

grade 12 girls -- 95, (N = 12) 
and the follwing per cent of volume conservers: 

grade 7 boys -- 38 

grade 7 girls -- 26 

grade 12 boys -- 79 

grade 12 girls -- 68. 

Elkind found also that sex and IQ were significantly related to volume 
conservation ability (see below p. 48, p. 50). 

Now the standard procedures used by Elkind vary in two important 
aspects from the original procedures of Inhelder and Piaget. First, 
the subject's response to any one question is taken at its face value, 
in contrast with the probing and cross-questioning method of the 
Piagetian clinical method. Second, the volume question is asked in 
terms of space or room occupied by the transformed object, whereas 
the Piaget-Inhelder volume questions are asked in terms of space or 
room occupied in water by the transformed object. Whether or not the 
testing procedure is the cause, Elkind's surprisingly high proportions 
of subjects beyond the age of 11 who apparently do not have "abstract 
concepts of volume" appear to be anomalously high when compared with 
those found by Vinh-Bang and Inhelder (Inhelder, 1968; Piaget & 
Inhelder, 1968) or with those found by Lovell and Ogilvie (1961b). 

The procedures used by Lovell and Ogilvie resemble a little 


more closely the Genevan method. Subjects were questioned 


individually with a pre-arranged but not inflexible set of questions. 
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Responses were not scored, but the experimenter judged whether the 
subject was to be classed as conserver, nonconserver, or transitional. 
The procedure for weight conservation (196la) employed two balls of 
clay of different size and weight, the smaller one loaded with lead 
shot. Subjects were asked to judge which was the heavier. One was 
transformed in shape and again the subject was asked which was heavier. 
A significant difference from the Piagetian method is that the two 
initial spheres were not equal in weight to start with. The volume 
tests (1961b) were based on those described in The child's conception 
of geometry (Piaget et al., 1960), where wooden cubes are rearranged 
to form differently shaped solids with the same volume as a given 
solid block. Lovell and Ogilvie tested for interior volume, occupied 
volume, and ''complementary or displacement" volume (i.e. the volume 
of the displaced water). 

In the weight conservation experiment, of 168 eleven -year-old 
subjects 74 per cent were classed as conservers. Many of the conservers 
(up to 80 per cent) were found not to conserve in more complex 
transformations (hardening of butter, hardening of clay, freezing of 
water). The experimenters claimed also to have shown that the logical 
operation of transitivity could be applied to weight by subjects who 
were previously judged not to conserve weight. The problem here is 
that the form of weight conservation task used was itself a very 
difficult problem in transitivity, since the clay spheres were not 
initially equal in Petehtg 

In the volume conservation experiment, of 55 eleven-year-old 


subjects 74 per cent were classed as conservers of occupied volume. 
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These conservers correctly predicted that the same amount of water 
could be poured into a one-gallon can whether it contained a 2 x 3 x 2 
or a 1 x 2 x 6 arrangement of cubes. When asked to explain their 
answer, these subjects stated either that the number of cubes was the 
same or that the arrangements of cubes "took up the same space''. Now 
subjects who say in explanation that the number of cubes is the same 
may not be conserving occupied volume, because Lovell and Ogilvie 
failed to do what Piaget did, i.e. question the child explicitly 
about the "amount of 'room' taken up by the bricks in the water" 
(Piaget et al., 1960, p. 358). That some of these subjects explaining 
"conservation" of occupied volume in terms of the number of cubes 
may only be conserving weight is evidenced by the results from the 
tests for displacement volume. In one of these tests subjects were 
asked to compare the amounts of water displaced by the two different 
arrangements of cubes (1 x 2 x 6 and 2 x 3 x 2) when immersed in a 
can of water filled to the brim. Of the ll-year-old subjects only 78 
per cent gave a correct response, but of these, only 53 per cent said 
that the same amount of water would be displaced by two cubes of 
different weight which are otherwise identical. If these subjects only 
are classed as conservers of occupied volume, then the proportion of 
1l-year-olds who conserve volume is 41 per cent. This compares with 
Elkind's figure of 25 per cent. 

Elkind used mly one test (the ball-sausage transformation), 
while Lovell and Ogilvie used five. This is an important difference 
in the light of the finding of Vinh-Bang and Inhelder (Piaget & 


Inhelder, 1968), referred to earlier, that the proportion of subjects 
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conserving volume increased in successive trials of the same experiment. 
Another difference is in the type of transformation involved. The 
Lovell-Ogilvie transformation was a rearrangement of already unitary 
cubes. Elkind's procedure was the shape change of a plastic continuous 
substance (modeling clay). Piaget recognised right from the start that 
"There is a good deal to be gained in avoiding the use of discontinuous 
elements . . . with older children who would otherwise be able to solve 
the problem by arithmetical correspondence without considering the 
volume as such (Piaget, et al., 1960, p. 356). 

Lunzer (1961) also used a volume conservation test similar to 
that in The child's conception of geometry, but the sample was very 
small--"24 children ranging in age from 6 to 14". Lumnzer concluded that 
the concept of physical volume ''does not appear much before the age 
OLer2 5 

In a limited replication of Elkind's experiments, Towler and 
Wheatley (1971) found that of 71 female college students, median age 
18, 96 per cent conserved weight and 61 per cent conserved volume. 

It was erroneously concluded that since the concept of "metrical 
conemiuttyt is thought by Piaget to be prerequisite to volume 
conservation, if "some college students fail to understand the 
conservation concept, then it follows that they have not developed an 
adequate concept of metrical continuity or other concepts upon which 
the former are dependent.'' One might as well argue that since weight 
conservation also is a prerequisite to volume conservation, then the 
volume nonconserver must also be a weight nonconserver. Towler and 


Wheatley claim that their results suggest that at least part of the 
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problem is the fault of "inadequately formed concepts of atomism." 
On the contrary however, if adequate atomistic concepts are the very 
expression of the solution of the volume conservation problem (see 
p. 25), then the lack of such concepts is symptom rather than cause 
of the nonconservation of volume. 

Phillips (1971) sought to show the existence of a sequential 
set of conservation concepts which lead to conservation of displacement 
volume. A selected number of steps in a hypothetical sequence was 
chosen for investigation--continuous quantity, interior volume, displace- 
ment volume with water as the displaced medium, and displacement volume 
with discontinuous blocks as the displaced medium. Phillips' procedure 
was an individual interview technique, but half of the subjects were 
shown pictures af the successive steps in the transformations rather 
than the Pane teria ions themselves. The volume conservation 
transformations were similar to those in The child's conception of 
geometry (Piaget et al., 1960), i.e. rearrangements of arrays of cubes. 
Subjects were questioned about the levels of the displaced media when 
different arrays of the cubes were immersed. To be classed as a 
conserver a subject had to correctly predict the level after the 
transformation and correctly explain the predictions. Of 40 grade 7 
subjects, 45 per cent were classed as conservers of displacement volume 
when water was the displaced medium, and 48 per cent when blocks were 
the displaced medium. Two other subjects were previously eliminated 
from consideration on the basis of a pretest. Phillips appears to 
mean occupied volume by his term "displacement volume". At least his 


tests are concerned with, if anything, occupied volume. He does not 
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mention occupied volume, and discusses ''displacement"' volume as compared 
with interior volume. The tests involve only judgements about 
displacement levels, and subjects were not questioned about room or 
space occupied by the arrays of cubes or room or space available to 
the displaced medium. Correct explanations were required for a subject 
to be classed as a conserver, and Phillips' proportions of conservers 
are close to the "corrected" proportion of 41 per cent conservers of 
occupied volume derived above (p. 43) from the figures of Lovell and 
Ogilvie. There was no evidence that the kind of displaced medium 
(continuous or discontinuous) made any difference, but not surprisingly, 
the sequence of attainment conservation of continuous quantity, 
conservation of interior volume, conservation of 'displacement' volume 
was verified. 

Brainerd (1971) treated occupied volume conservation as an 
index of the existence in a subject of the proportionality scheme. 
He sought evidence that this scheme does not appear until the formal 
operational period and that the concept of density depends on the 
concept of volume. Accordingly, Brainerd's results indicate that 
both volume conservation and the density concept are achieved by 
increasing numbers of subjects between the ages of 8 and 15, that 
the two are correlated, and that volume conservation is prerequisite 
to the density concept. 

Subjects were tested individually with a prerecorded protocol. 
The tests for density involved the principle of flotation--subjects 
were asked whether successively smaller pieces of clay would float 


on water. The tests for volume conservation used transformations of 
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(a) a clay ball ("solid volume"), and (b) a glass of water ("liquid 
volume"). For solid volume conservation, subjects were shown the 
displacement level on immersion in water of a clay ball, which was then 
transformed into a sausage. Subjects were then asked if the displacement 
level would be different if the sausage were to be immersed. For liquid 
volume, subjects were shown two identical glasses of water and asked 

if the water in each glass took up the "same amount of space or room." 
The water in one glass was poured into another of different shape and 
subjects were again asked if the water in each glass took up the same 
amount of space or room. In both solid volume and liquid volume tests, 
the subject was required to justify his answer, but subjects were 
classified as conservers m the basis of their answers to the 
conservation questions, not of their explanations of their answers. 

Of 72 subjects (24 in each of grades 3, 6, and 9), 57 per cent 
were classed as conservers of solid volume, and 72 per cent as conservers 
of liquid volume. Though no tabulation of conservers by grade is given 
in the article cited, in a private communication Brainerd gives the 


following data: 


per cent of conservers, solid volume, grade 6 = 67 
per cent of conservers, liquid volume, grade 6 = 93 
per cent of conservers, solid volume, grade 9 = 88 
per cent of conservers, liquid volume, grade 9 = 100. 


Again, since the solid volume test made no mention of room or space 
occupied, the proportion of conservers is probably an overestimate. 
The liquid volume test is an invention of Brainerd's, and is equivalent 
to the purely verbal test used in the present experiment. In the 


absence of the control afforded by the use of an operational measure 
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of volume (water level in the strict Piagetian test), it is possible 
that in these two tests, some subjects classed as volume conservers may 


be conserving merely quantity of matter or interior volume. 
Relational Studies 


Various studies have attempted to relate conservation of 
physical quantity to variables like age, sex, intelligence, race, 
cognitive style, and so on. As before, reports of these studies will 
be examined only to the extent that they relate to the present study, 
so that results pertaining to conservation of quantities other than 
weight and volume will not be discussed. Where figures are quoted, 
these are excerpts from more extensive tables of results. 

Mental Ability. In the experiment with junior and senior high 
school students which was described above (p. 41), Elkind (1961c) 
found a significant positive correlation between IQ and conservation 
of volume (point-biserial = 0.31). 

Hermeier (1967) compared the proportions of conservers of 
substance and of volume among groups representing three levels of IQ, 
and found significant differences among these proportions. Hermeier 
used an individual interview technique with prearranged questions. 
For volume conservation testing, subjects were shown the ball-pancake 
deformation of clay, and were asked simply whether the levels in two 
identical containers of water would be the same upon immersion of the 
ball as of the pancake. On the basis of this single test Hermeier 
classified 47 per dent of his 12-year-old subjects as conservers of 


volume. 
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Verizzo (1970) tested 140 subjects of "very superior intelligence 
(135-154 on Weschler scale), aged from 7 to 14, on a wide range of 
conservation tasks including weight and volume. A "displacement of 
volume'' test was included, but no explanation was given by Verizzo of 
the nature or aim of this test--presumably it tested understanding 
of the displacement law. A demonstration-with-oral-questions 
technique was employed with groups of students in a normal school 
setting. The actual tests for volume conservation were not described. 
Verizzo found that the very bright children generally achieved the 
various conservations at an earlier age than is usually found for 
"normal children'', although no actual comparison with groups of 
normal children under the same test conditions were made. 

The per cent of weight conservers found were 

grade 6: 95 per cent 

grade 8: 91 per cent, 
and of volume conservers 

grade 6: 80 per cent 

grade 8: 59 per cent (N approximately 30 each grade). 
Verizzo concluded that for many subjects, the terms mass, weight, 
and volume were virtually synonomous, and that for his very bright 
subjects ''. . . volume and displacement volume proved troublesome even 
to a substantial percentage of older students." 

Goodnow and Bethon (1966) found both mental age and IQ to be 
significantly related to conservation ability. An "increasing 
proportion of success with increasing MA'' in conservation tasks was 


found, as were significant differences between proportions of conservers 
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in groups of different mean IQ. The tests were administered to subjects 
individually with a sequence of prepared questions based on the 
protocols reported by Piaget in various works. The weight and volume 
conservation tests employed the ball-pancake transformation. For 
volume, subjects were asked to predict water levels which would 
result from immersion of the ball or the pancake and to explain their 
answers. Those who correctly predicted the displacement level were 
classed as ''volume 1" conservers. If the subject's explanation did 
not refer to weight, then the subject was included in the category 
"volume 2". Thus volume 2 subjects both predicted and explained 
correctly. The proportions of volume 1 and volume 2 subjects in the 
different IQ groups are summarised in Table l. 

Sex. Elkind found that significantly higher proportions of 
boys than of girls were conservers of volume in junior and senior high 
school (196lc) and in college (1962). For college students he found 
that the proportions of volume ate rhes increase with age for females 
only. In other pena a oe Beard (1963) found a sex difference in 
volume conservation performance, but Leon (1972) and Bat-Haee (1971) 
did not. 

Leon (1972) tested 182 subjects in grades 7, 8, and 9 for 
conservation of substance, weight, and volume. The tests were 
similar to those of Elkind, and included a test for conservation of 
"liquid volume". This "liquid volume" test was in fact no more than 
the classical Piagetian test for conservation of continuous quantity, 
which is attained by nee subjects by the age of seven (Piaget, 1965). 


To test for sex difference, Leon compared boys' and girls' total 
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TABLE 1 
PER CENT OF VOLUME CONSERVERS IN DULL, AVERAGE, AND SUPERIOR 


11-YEAR-OLD BOYS (GOODNOW & BETHON, 1966) 


Dull Average Superior 
Boys Boys Boys 
Volume 1 28 . 62 1S 


Volume 2 12 38 56 
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conservation scores--that is, scores derived by combining substance, 
weight, volume, and continuous quantity conservation scores. Any sex 
difference in volume conservation would thus be masked by the high 
scores obtained by subjects of both sexes on the substance, weight, and 
continuous quantity tests. 

Bat-Haee (1971) also used a procedure similar to Elkind's, but 
instead of classifying subjects as conservers and nonconservers, he 
derived total scores for each quantity conservation. Thus a subject 
could score a possible three points for volume conservation by 
correctly predicting, judging, and explaining the invariance of volume 
in the ball-sausage transformation. Bat-Haee then sought to find sex 
differences by performing an analysis of variance on these limited 
scores for boys and girls. The means for volume conservation in the 
oldest subjects (grade 6) were only 0.64 for boys, and 0.80 for girls. 
On Elkind's criterion (score af three) there could have been no more 
than six male conservers, and eight female conservers among thirty 
boys and thirty girls.. Perhaps there were none, even by Brainerd's 
judgements-only criterion. Bat-Haee's results do however tend to 
confirm findings in other experiments that volume conservation does not 
appear before 11-12 years. It is not surprising that no significant 
difference is found between boys and girls in an ability that neither 
has developed. 

Brainerd (1971) found no sex differences in an experiment 
connected with volume conservation, even though the sample included 
grade 9 subjects. There were however only 12 subjects of each sex in 


the grade 9 group. A sex difference of the magnitude found by Elkind 
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would be unlikely to show up in a sample this size. 

In tests purporting to measure volume conservation, in subjects 
aged from 5 to 9, Beard (1963) found higher proportions of conservers 
among boys than among girls. Four tests were used in an individual 
interview technique: 

a. Balls of clay were immersed in identical glasses of water. 
Subjects watched as one ball was flattened into a pancake and were 
required to say whether for the pancake the water would rise the same 
amount. 

b. The level of water in a glass was noted, salt was added, 
.and the level noted again. Subjects were required to predict what 
thelevel would be after dissolution of the salt. 

c. Subjects were shown a ping pong ball and an equal-sized 
ball of plasticene. They were shown the level of water on immersion 
of the ping pong ball, and asked whether the water "would go up just 
the same amount, or more or less"' upon immersion of the plasticene. 
The question was repeated for a hypothetical ''very heavy stone" of 
the same size. 

d. A cylinder was placed with its axis vertical in one of 
two identical glasses of water. Subjects were required to predict 
whether the water level would be the same for an identical cylinder 
immersed in the other glass, with its axis horizontal. In each case, 
subjects were required to justify their predictions. Beard does not 
specify how a subject was classified as conserver or nonconserver, but 
presumably the interviewer judged on the basis of the child's 


predictions and explanations. There were no questions referring 
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explicitly to room or space occupied. The following per cent of 
volume 'conservers' were found for five-year-old subjects (N = 35): 


ball-pancake. «19s 8s «© 66 4529 
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and for 9 year-old-subjects (N = 32): 
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Now the only test which involves a difference in weight for 
the immersed objects is the ping pong ball test, and the proportion 
of conservers in that case is very low. It is strongly to be suspected 
that in the other cases the subjects classed as 'conservers' were 
conserving weight, or perhaps just quantity of matter. Probably their 
explanations revolved around phrases like "just as big" or ''same 
amount."' In any case, the sex difference found by Beard was significant 
for each task except the ping pong ball test. Perhaps this represents 
a sex difference in weight conservation, or possibly more girls than 
boys at the age levels tested believe in an animistic displacement law. 

Of the other studies reviewed in this chapter, some tested 
single-sex groups, others make no mention of sex differences sought or 
found, although Inhelder (Tanner & Inhelder, 1958, p. 63) mentions sex 
differences "in the formation of spatial representation" found in 


Genevan experiments. Whether or not it has its roots in earlier grades, 
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the sex difference found by Elkind (196lc) in volume conservation 
among secondary school and college students is the only reasonably 
conclusive finding related to conservation achievement sex differences. 

Other Relational Studies. Leon (1972) in the study referred to 
above (p. 50) found evidence for relationships of "conservation ability" 
(a composite of scores on substance, weight, and volume tests) with 
race, grade, and science achievement. Simpson (1970) reports finding 
that chronological age and the cognitive styles Reflection and 
Impulsivity are factors in conservation, with chronological age a 
"ereater factor.'’ Simpson's procedures were similar to Elkind's. 
Goodnow and Bethon (1966) found that schooling did not affect the 
level of acquisition of volume or weight conservation in boys from 10 
to 13 years. 

In a prior study, Goodnow (1962) sought relationships between 
quantity conservation and "social milieu''--a global description 
involving racial, socio-economic, cultural, and educational differences. 
Goodnow found that "variations in nationality, social status, and 
schooling make no essential difference to success (on the conservation 
tasks).'' The procedures used by Goodnow have been described above 
(p. 50). According to one of Goodnow's graphs, reproduced in part in 
Figure 1, more European students conserve volume (volume 2) than 
Chinese students after the age of 11 years. Goodnow suggests that the 
source of this difference is the variation in the type of science 
courses studied by these two groups in their normal schooling. 

A study by Teates (1971) however detected no difference in 


weight or conservation levels between two groups of grade 9 students who 
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had studied different science courses in junior high school. Teates 
used group administration of tests, and presented the tasks by means 
of tape-recorded questions, with configurations and transformations 
illustrated by means of projected slides. Two kinds of volume 
question were used. One was a pure displacement level question, with 
deformations of clay as the transformations. No mention was made of 
room or space occupied. In the second kind of question, subjects were 
shown pictures of arrays of blocks, and in each case were required to 
imagine an aquarium of similar shape. The arrays were changed (e.g. from 
T-shaped to L-shaped) and subjects were required to say in each case 
if the aquarium in its new shape would hold as much water as the 
aquarium in the old shape. This kind of ne ch obviously tests 
interior volume, not occupied volume. A subject was required to 
answer each of six questions correctly in order to be classed as a 
volume conserver. Teates tested 568 grade 9 students and classified 
87 per cent as conservers of weight, and 23 per cent as conservers of 
volume. The proportion of volume conservers seems to be excessively 
low, especially in view of the nature of the questions (displacement - 
question-only and interior volume). Possibly the all-or-nothing 
criterion was too stringent, and the mode of administration (taped 


protocols with projected slides) was not conducive to accurate results. 


SUMMARY 


A short recapitulation of the chapter follows, commencing with 


a brief restatement of the Piagetian theoretical framework of the 
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study. The main points made in relation to the methodology of 
conservation testing will be reviewed, and the survey of the research 
literature summarised. 

1. The following theoretical framework was derived from the 
works of Piaget: Concepts of physical quantity are not developed 
immediately or all at once upon contact with appropriate experience, 
but are developed in an invariable sequence--substance first by the 
age of about 7-8, then weight by the age of about 10, then volume 
commencing at the age of about 11 or 12. Rach concept in turn is 
attained by the achievement of a grouping of concrete operations, and 
this achievement is accompanied by conservation of that quantity. 

A particulate theory of matter (atomism) develops spontaneously in 

the subject as he develops the physical quantity concepts, the final 
achievement of volume conservation being marked by development of the 
atomistic scheme of compression and dilatation. Certain problems 
requiring formal operational schemes for their solution have to be 
worked out before volume can be conserved. Such schemes do not usually 
appear before the twelfth year. 

2. Methodology was advanced as a major variable in volume 
conservation experiments, so that results of any given experiment 
have meaning only in the context of the specific method of testing in 
that experiment. The essential elements of a conservation test were 
analysed as (a) presentation of both configurations for comparison, 
(b) demonstration or at least description of the transformation, 

(c) use of a variety of transformations, and (d) comparison of 


configurations in terms of some objective operational measure of the 
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quantity being tested. The relative difficulty of conservation for 
different transformations was discussed. Prior stipulation of room 
occupied as the cause of displacement, or explicit questioning about 
room or space occupied, were shown to be important aspects of volume 
conservation testing often absent in reported research. A cogent, 
theory-based argument for the use of judgements-only as criteria for 
the existence of conservation rather than judgements-plus-explanations 
was reported. 

3. Replications of Piagetian tests for conservation and 
related experiments were seen generally to support the invariable 
order and average ages of acquisition of conservations as found by 
Piaget. Table 2 presents a summary of the proportions of conservers 
of weight and volume found in the various studies reviewed, with brief 
notes regarding the testing method used. The contents of this table 
leave little doubt that conservation of weight is well established by 
most subjects by the age of ten, and that volume conservation does not 
begin to be established by most subjects until at least the twelfth 
year. In fact the issue of volume conservation is far from clear. 
Somewhere between 20 per cent and 80 per cent of 12-year-old subjects 
conserve physical volume. Evidence was reported that 

(a) many subjects in secondary school grades do not conserve 

volume, 

(b) more girls than boys in secondary school grades do not 


conserve volume, 
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TABLE 2 


SUMMARY OF REPORTED LEVELS OF CONSERVATION 


Experimenter(s) Subjects' Per Cent of Remarks 
Conservers 
age sex Weight Volume 


Vinh-Bang & Inhelder 11 96 80 deformation of clay 
al 80 57 sugar dissolution 
Un 56 deformation of clay, 


excluding subjects who 
say weight causes 


displacement 


Elkind 12 M 71 38 
2 F 86 26 
ey) M 100 We 
Wi F 95 68 
Lovell & Ogilvie Tet 74 74 
11 41 "corrected" for subjects 


who think weight causes 
displacement 


Towler & Wheatley 18 F 96 61 Female college students 
Phillips 12 45 
Brainerd 12 67 "solid volume" 
12 93 "liquid volume" 
15 88 "Solid volume" 
15 100 "Liquid volume" 
Hermeier 12 47 
Verizzo Tha 215) 80 superior IQ 
13 91 59 students. 
Goodnow & Bethon iba 62 "Volume 1" average IQ 
boys 
iki 38 "Volume 2" average IQ 
boys 
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(c) attainment of volume conservation is related to IQ, and 
(d) attainment of volume conservation might be influenced 


by schooling. 
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FOOTNOTES - CHAPTER II 


7 
Le developpement des quantités chez l'enfant. 


Physical or infralogical operations are discussed by Flavell (1963, 


pp. 196-198). Essentially they represent movements which are spatio- 
temporal in nature. 

2 . seul un atomisme, implicite ou explicite, dégageant les 
rapports de compression ou de décompression des grains, conduira 
ainsi a 1'invariant de volume physique." 

The complex sequence of steps in the attainment of volume conserva- 
tion is described AY length by Piaget and Inhelder (1968, pp. 314- | 
BZ) 

A step by step description of this procedure is given in Le développe- 
ment des quantités, pp. 60-61. 

S first has to decide that the larger ball is lighter than the 
smaller (loaded) ball, then that the sausage is the same weight 

as it was when it was the larger ball, then deduce that the 

sausage must be lighter than the smaller ball. There are no 
asymmetrical relations in the transitivity problem, as there are 

in the 'conservation' problem. 

By metrical continuity Towler and Wheatley apparently mean the 
ability to visualise a volume as an infinite set of areas and 

hence to relate interior volume to boundary surfaces (Piaget, et al., 
USGCRe peasy i). 

A mean of 0.80 for 30 girls results from 24 correct responses. 


The maximum possible number of subjects who could have scored the 
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possible three items correct is therefore eight. More likely, a 
large proportion of the 24 correct responses were correct-prediction- 


only patterns, representing pseudo conservation. 
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CHAPTER III 


DESIGN OF THE EXPERIMENT 


In general terms the essential purpose of the experiment now 
to be described was to test conservation of weight and volume in 
secondary school students, and to relate conservation to three 
variables: school grade, sex of subject, and methodology of testing. 
First the rationale for selection of the sample, and the sample 
itself will be discussed. The design of the tests will then be 
described and justified. Finally, the actual administration of the 


tests and the subsequent analysis of the data-will be outlined. 


THE SAMPLE 


Since low proportions of nonconservation response were 
expected for some questions, a relatively large sample was required. 
This would allow statistical meaning to be attached to low frequencies. 
The initial aim was 150 subjects per grade, in grades 7 through 12, 
so that a proportion as low as five per cent would represent a frequency 
of 7 or 8. To obtain such a large sample by random selection from a 
larger population would have presented great difficulties in 
administration of the tests, since subjects would have had to be 
interviewed individually (a very time-consuming process), or grouped 
in some specially arranged time and place (which was not feasible). 
An alternative might have been to select normal class groups from some 


population of groups, but to do this would have been to introduce an 
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unwanted and certainly important variable into the problem--classroom 
experience. Possibilities for generalisation from results obtained in 
a few functioning class groups would have been very limited. 

The decision reached was to employ as the sample all of the 
secondary students in a single school authority. This would ensure 
a large enough sample which would include subjects in all ranges of 
ability and achievement, and with a reasonable homogeneity of classroom 
experience. The price of course could be the possibility of large 
scale bias in ability, curriculum experience, and so on. Once the 
study was completed however, replication on a smaller scale with 
selected homogeneous groups could check for level of generalisability. 

The school authority chosen was the County of Wetaskiwin No. 10, 
which is responsible for the education of students in a large farming 
district near the city of Edmonton, Alberta, Canada. A total of 906 
students in grades 7 through 12 were present at the 10 schools in 
the county on the days when tests were administered. Absent students 
were simply omitted from the sample. The age, grade, and sex 
distributions of the 106 subjects are presented in Table 3. 

Ideally, the population represented by the sample is all 
secondary school students. More realistically, it is probably all 
rural Alberta secondary school students, but a limited A eRMERU an Cli 
the sample with the rest of the students in the province was possible. 
Early in 1972, the Alberta Department of Education administered 
standardised tests of achievement and ability to grade 9 students 
throughout the province, At the time this was an annual exercise. 


Results of these tests were available for most of the grade 9 students 
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TABLE 3 


DISTRIBUTION OF SUBJECTS BY AGE, GRADE, AND SEX 


GRADE 

7 8 9 10 11 12 
AGE M (F) M (F) M (F) M (F) ™M (F) M (F) 
rah 1 (0) 
12 50m) 
13 57 (60) 41 (41) 0 (1) 
14 £595) 61 (62) 30 (32) 10) 
15 ee) 16 (5) 54 (69) 255(14) 
16 3 (0) 2 (0) 14 (4) 20 e(23)ne 14 (16) oa) 
17 3 (0) 9 (3) 26 (24)e, 11 (19) 
18 4 (2) ESF (21) 
19 0 (1) 


TOTAL LO vem ( 9:9)) 120 (108) 101 (106) 65 (40) 44 (43) 32 (41) 
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in the sample (93 of the 106 girls, 79 of the 101 boys). The test 
results used here were those of an Alberta Department of Education 
science achievement test, and the Cooperative School and College Ability 
Das (Form 3A)--SCAT--together with its verbal and quantitative 
subtotals. Tables 4 and 5 present the results of chi-square goodness 
of fit tests of the distribution of scores on these tests in the grade 
9 subjects in the sample with the distribution of scores in the 
province as a whole. Deciles in the cases of science achievem@mt and 
SCAT tests are compared with a rectangular distribution, and stanines 
in the cases of the SCAT verbal and quantitative subtotals are compared 
with normal distributions. No significant chi-squares are associated 
with these comparisons, therefore it may be concluded that the sample 
tested is not seriously biased in science achievement or ability 


with respect to students in the province of Alberta as a whole. 


DESIGN OF THE TESTS 


Tests were designed to be administered to subjects in 
groups, rendering feasible the testing of the large sample. The 
full test was designed to occupy one normal 40-minute school period, 
and consisted of 46 items--18 weight conservation questions, 12 
volume conservation questions, 8 displacement law questions, and 8 
atomistic schemes questions. The actual questions will be described 
in subsequent sections of this chapter, and specific details may be 
found in Appendix A. Except for the atomistic schemes questions, the 


method of testing was an adaptation of that used by Elkind. Questions 
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TABLE 4 
GOODNESS OF FIT OF RECTANGULAR DISTRIBUTION TO OBSERVED 
DISTRIBUTION OF DECILE RANKS IN SCIENCE ACHIEVE- 


MENT AND SCAT (TOTAL)--GRADE 9 SUBJECTS 


Decile 0 E (0 - £)4 
Rank E 
Science Achievement 

0-1 15 26.5 4.66 
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TABLE 5 
GOODNESS OF FIT OF NORMAL DISTRIBUTION TO OBSERVED DISTRIBUTION 
OF STANINES IN SCAT VERBAL AND SCAT QUANTITATIVE 


SUBTOTALS (GRADE 9) 


Stanine 0 E O-E Z 

E 

SCAT Verbal Subtotal 
1-2 nS) 19 0.84 
3 22 20 0.20 
4 32 29 1.68 
5 39 34 0.74 
6 37 29 Zeco 
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8-9 9 19 5 ee) 
2 

Total 170 170 liv Ar amee adit =6 ,icpr0.05 
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were asked orally with demonstrations, and subjects recorded their own 
responses on answer sheets. This method was chosen in order to make 
the tests as non-verbal as possible and in an attempt to ensure that 
misunderstanding of any question was minimised. Accordingly, students 


were encouraged to ask clarifying questions at any time. 


Conservation Testing 


The conservation questions were framed with four main 
considerations. These considerations will be examined in turn before 
the form of the questions themselves is discussed. 

1. It is more desirable to avoid incorrectly classifying a 
subject as a nonconserver than to avoid incorrectly classifying a 
subject as a conserver. This is because the experiment aims to identify 
the level of nonconservation, and the conservative course is under- 
estimation of this level. 

2. An adequate quantity concept is characterised by necessary 
conservation, i.e. conservation seen as a logical necessity rather 
than as an empirical possibility. Piaget (Piaget & Inhelder, 1968, 

p. 71) describes necessary conservation this way: "psychologically 
it seems as if there is no problem for the child: conservation is 
asserted by him as if he never thought otherwise” (writer's translation). 

3. Administration of the tests should be facilitated as far 
as possible without compromising experimental accuracy. 

4, There should be basic similarity with the original 
Piagetian tasks, since interpretation may be difficult otherwise. In 


other words the essential elements of a conservation test described 
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above (p. 37) should be present. Briefly, these elements are 

(a) presence of both configurations in the final comparison, 

(b) demonstration (or description) of the transformation, (c) use of a 
number of transformations, and (d) comparison in terms of an objective 
operational measure of the quantity being tested. 

In some of the aes uenk) one or more of these essential 
elements was absent. Although the initial configuration was both 
demonstrated and described in every case, the actual transformation 
was not always demonstrated. In some questions (6, 12-15, 17, and 18) 
the transformation was described and simulated, and the final 
configuration merely described. In other questions (1-5, 7, 9, 11, 
and 16) comparison forms of the initial configuration were not used. 
In the light of the analysis of conservation testing in Chapter II 
(pp. 27-37) it may be concluded that (a) the effects of substitution 
of description and simulation of the transformations for actual 
demonstration would probably be insignificant, and (b) in the weight 
conservation questions (1-18) the levels of nonconservation found 
will probably be underestimated, because in no case are both 
configurations demonstrated simultaneously. In view of consideration 1 
above (p. 70), this underestimation of nonconservation is less 
undesirable eee overestimation. 

The method of recording response choices was decided on the 
basis of consideration 2 (testing should be for necessary conservation). 
In each task, the final ica aio was asked in a form such as "If I put 
it back on the balance, will the weight be more, will it be less, or 


will it be the same?" The subject's response choice was then one of 
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"more'', "less", or "the same." A fourth or "don't know" choice was not 
provided, because anything less than necessary conservation was classed 
as nonconservation. To force a choice meant that some nonconservers 
were probably classed as conservers, again making the level of 
nonconservation found an underestimate. A uniform answer code was 
maintained throughout--for the choice "more" the subject would mark A 
on his answer sheet, for "less" he would mark B, and for "the same" 

he would mark C. This uniform code avoided confusion, but the answer 
to a conservation question is always the same. To minimise the 
consequences of this--the possibilities that students might establish 

a response set, recognise a pattern, try to vary their responses etc.-- 
some questions were included for which the response would be other than 
C (the same). Again, the likely possibility would be for students to 
discern a response pattern and conserve spuriously, making the level 

of non-conservation an under estimate. Two of the questions which 

were included to vary the response served also to estimate a correction 
for inattention. These questions (11 and 18) were designed to be 


"obvious'’ to any subject attending. 


Weight Conservation Test 


The weight conservation questions were designed to test for 
conservation in simple transformations like change of shape, in 
complex transformations like change of state, and to provide data for 
analysis of nonconservation in the complex transformations. The complex 


transformations used were: 


question 12: heating to redness of a metal bar 
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13; melting of ice in a sealed plastic bag 

14: evaporation of gasoline inside a sealed metal 
can 

15; partial burning of paper inside a sealed glass 
war. 


The simple transformations used were selected to represent 
separable apparent physical aspects of the complex transformations. 


They were: 


question 1: sectioning of a cylinder of clay 

2:: joining of a straight stick of clay into a ring 
(shape change) 

3: raising the height of a clamp on a metal stand 
(vertical displacement of centre of mass) 

4: mixing of water with syrup in a beaker (density 
change) 

5: inversion of conical pyrex flask (pressure change) 

6: setting to hardness of a jelly solution (liquid- 
solid change) 

7: displacement of a wooden block relative to its 
initial position on the balance platform 

8: comparison of one teased out cotton wool ball 
with two unchanged previously identical balls 
(density and volume change) 

9: compression of a fixed mass of cotton wool inside 
a sealed glass jar (density and volume change 
inside an externally unchanged system) 

10: compression of a styrofoam sphere (volume and 
density change) 

11: sand added to jar partly filled with sand 
(obvious question) 

16: oxygen released from a metal cylinder (gas has 
weight concept) 

17; football of fixed shape and size pumped hard with 
air (gas has weight concept) 

18: alcohol burner burned for half an hour then 
extinguished (obvious question). 


All physical aspects of the complex transformations are thought 
to be represented in the simple transformations. The list of simple 
transformations was derived from a preliminary analysis of the complex 
transformations in physical terms, conducted with the assistance of 


a panel of experienced science teachers and professors of science 
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education in a graduate seminar at the University of Alberta. 

A consistent procedure was adopted for administering the 
questions. Subjects were first shown an OHAUS triple-beam platform 
balance (2610 g) and asked if they knew what it was (similar balaces 
were to be found in the science laboratories of each of the schools 
where subjects were tested). The experimenter then said "'The balance 
is used to weigh things. I'm not actually going to weigh anything, 
but I could. Let's suppose I weighed this piece of modeling clay. 

It might be 210 grams or four ounces or something. Now suppose I 

do this. Watch. I break the clay into a number of pieces. Now if I 
put the pieces back on the balance, and if I weigh it again, will the 
weight be more, will it be less, or will it be the same?" The same 
procedure was adopted in each of the questions, but in questions 6 
(setting of jelly), 9 (compression of cotton wool), 13 (melting of 
ice), 14 (evaporation of gasoline), and 15 (burning of paper) where 
in each case a sealed container is involved, subjects were told in 


addition "Nothing gets in, nothing gets out." 
Volume Conservation Test 


Twelve volume conservation questions were designed involving 
six different transformations; three rigid-body transformations, 
and three plastic-body transformations. For each transformation two 
questions were asked--a verbal question in terms of volume of,or room 
occupied by the body, and a displacement question purely in terms of 
displaced levels of water. 


A consistent form of administration was adopted. After each 
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transformation was demonstrated or described, subjects were asked the 
verbal question "Does it (the final configuration) now have a greater 
volume, a smaller volume, or the same? Does it take up more room, less 
room, or the same?" Then followed the displacement question "When it 
was like this (the comparison initial configuration) if I put it in 

the water the level would rise. Now that it's like this (final 
configuration) if I put it in the water would the level rise more, 
would it rise less, or would it rise the same?" Since the displacement 
question always immediately followed the verbal question, demonstration 
or simulation of the transformation was not repeated. 

The wording of the verbal question was not chosen arbitrarily. 
"Taking up room” (prendre de la place) was the terminology used in the 
original Piaget-Inhelder experiments (1968), but, in case this term 
should be confusing to sophisticated students the term "volume" was 
used in addition. "Volume" alone could however mean no more than 
interior volume or quantity of matter to many students. 

In question pair 19-20, the transformation was the folding out 
of a hinged pair of identical wooden square prisms, rather like the 
folding out of a pocket knife, except that the two wooden parts did not 
intermesh. In 21-22, it was the unfolding of a strip of lead foil. 

In 23-24, it was the separation into two roughly equal pieces of a 

blob of clay. The blob had been neatly pre-cut and rejoined prior 

to administration of the test. These three question pairs represent 
rigid-body transformations. In question pair 25-26, the transformation 
was the ball-sausage change. In 27-28 it was the pressing flat into a 


"yancake" of a ball of clay. In 29-30 it was the melting of an ingot 
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of solder metal in a porcelain crucible and subsequent solidification 
on an asbestos sheet into an irregular lamina. This transformation 
was simulated. The latter three question pairs represent plastic- 
body transformations. Complete specifications for all initial and 


final configurations are presented in Appendix B. 


Displacement Law Test 


The displacement law questions were based on procedures used 
by Piaget and Inhelder. The form was the same for six of the eight 
questions--an object was immersed in water in a 1000 ml graduated 
cylinder, the new level noted, and the object removed. subieets were 
then shown a second object and asked to predict whether if it were 
immersed in the same container of water, the level would rise more, 
would rise less, or rise the same. In no instance was the second 


immersion actually performed. The questions may be summarised as 


follows: 
question first object second object 
BL lead sphere (2.0 cm) (dia.) lead sphere (2.5 cm) 
32 lead sphere (2.5 cm) aluminum sphere (2.5 cm) 
33 lead sphere (2.0 cm) aluminum sphere (2.5 cm) 
34 block of wax (5.2°x os eel) lead sphere (2.5 cm) 
. cm 
35 aluminum cylinder same cylinder, 
(2.5 cm (diam) x 7.5 cm (length))axis horizontal 
axis vertical 
36 4 oz sealed jar same jar, completely 
1/3 full of sand full of sand. 
38 aluminum cylinder same cylinder 
immersed to half immersed to full 
depth of water depth of water 


In question 36, a 1000 ml pyrex beaker was used instead of the 


graduated cylinder, and it was demonstrated that the lighter jar would 
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sink. In question 38, subjects were asked to predict whether if the 
same aluminum cylinder were immersed first in the graduate then in the 
_ beaker both initially filled to the brim, the same amount of water 
could be collected as overflow. Question 31 forms an "obvious" 
question and sets a limit on the number of subjects who did not 

answer the question. Less than 40 subjects or 4 per cent answered 
question 31 incorrectly. As in the previous 30 questions, the answer 
code for the displacement law questions was A = more, B = less, and 


C = the same. 
Atomistic Schemes Test 


The final eight questions were designed to test subjects' 
atomistic schemes of compression and dilatation. It was assumed that 
any schemes would be equally well applied by subjects to one situation 
or eer reation as to another, so that a total score on a test which 
involves a number of different transformations is a retro 
statistic. 

A pool of 16 multiple choice items was prepared and pretested 
with two grade 7 and two grade 9 classes at an Edmonton public school. 
On the basis of an item analysis, the number of items was reduced to 
eight. Individual item statistics are presented in Appendix C. The 
eight items selected to form the final test were those of medium 
difficulty with high biserial coefficients. Where two items were very 
similar as to the transformation involved, only one was used. The KR- 
20 reliability coefficients for the final eight-item test in the 


two groups were 0.41 (grade 7) and 0.56 (grade 9). 
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The difficulty of designing a test suitable for grades 7 
through 12 necessitated the compromise of aiming at a test suitable 
for grade 9. In consequence the test is possibly too difficult for 
grades 7 and 8. In addition the highly verbal nature of this test 
clashes with the preceding 38 questions. A far less reliable but 
probably more valid alternative might have been to ask free response 
questions involving the actual transformations in the volume 
conservation questions. Another alternative might have consisted of 
interviews with a subsample of the sample. The aim however was 
statistical verification of a link between the atomistic schemes and 
volume conservation so that a test with a known and reasonable 
reliability was required. Ease of administration and scoring was 


another consideration. 


ADMINISTRATION OF TESTS 


The complete schedule of 46 items was administered in the 
same numerical order to groups of students in normal school classrooms 
by the same experimenter during school hours in the month of May, 1972. 
In some cases class units were combined for convenience, but in most 
cases subjects were tested in normal class units. The schools are 
isolated from each other by relatively large distances and testing was 
completed in any one school in the same day, so that communication 
among subjects was minimised. An exception was in one large high 


school where grade 9 students were tested one week before the grade 
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10, 11, and 12 students were tested. 
Procedure. Before testing began, the experimenter wrote in 
large letters on the chalkboard in front of students ''There are no 


tricks" and "A = more, B = less, C = the same." 


Subjects were told 
that they were being asked to take part in an experiment to find out 
more about how people learn things, in particular how they learn about 
weight and volume. An IBM 5056 answer sheet, a 4'' x 6'' white ruled 
file card, and a copy of the printed atomistic schemes test (face down) 
were given to each subject. Subjects were asked to indicate their 
name, grade, school, sex, and age to the nearest half year in the 
appropriate places at the top of the answer sheet. 

Subjects were told that no marks would be allotted for the 
test and that it would not form part of the avaleetion of their school 
progress. They were asked therefore not to copy answers from another 
subject, nor to communicate with each other. Subjects were told that 
there would be no tricks, that each question was perfectly straight- 
forward, and that since the test was designed to be used down to grade 
7 level and below, some of the questions would be very easy, "even 
ridiculous". Subjects were told that until further notice, the answer 
to each question would be one of "more", "less", or "the same."' They 
were told that if they chose "more" for the answer, they should mark 
A on the answer sheet, for "less'' they should mark B, and for "the same" 
they should mark C. Subjects were asked to stop the experimenter if 
the pace should be too fast, and were invited to ask questions at any 


time, as the experimenter wished to make sure that nobody gave the 


wrong answer through misunderstanding the question. Questions were then 
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invited before the test began. 

Immediately after each of the first three questions, subjects 
were reminded of the answer code already described (A = more, B = less, 
C = the same). Throughout the test, any questions were answered 
immediately, and the asker thanked for his question. If required, an 
entire test question was repeated. Otherwise the questions were asked 
in the same way each time. The procedure was interrupted after a 
previously selected conservation or displacement law question and 
subjects were asked to write the number of that question on the file 
card which had been provided. They were then asked to write down the 
code letter (A, B, or C) of the answer they had just given to that 
question, and to explain in one or two sentences why they had given 
that answer. For example, if it were after a weight conservation 
question, subjects would be told "If you thought the weight was more, 
say in one or two sentences why you thought it was more. If you 
thought the weight was less, say in one or two sentences why you 
thought it was less. If you thought the weight was the same, say in 
one or two sentences why you thought it was the same.” A different 
question was selected for each group, and in this way, a sampling of 
subjects' reasons for their response choice was obtained for most 


questions. 


TREATMENT OF THE DATA 


The response sheets were machine scored and each subjects’ 


response choice for each question was recorded on IBM punch cards, one 
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per subject. A subject's age, sex, and grade were coded into an 
identification number. On another set of punch cards, one for each 
subject, were recorded a score for each item (1 for correct, GO for 
incorrect), a subtotal for the 18 weight conservation questions, a 
subtotal for each of the four sets of three volume conservation 
questions (either verbal or displacement questions for either plastic- 
body or rigid-body transformations), a subtotal for the eight displacement 
law questions, and a subtotal for the eight-item atomistic schemes test. 
Decile ranks for the Alberta Department of Education science achievement 
test and for the SCAT test and stanines for the verbal and quantitative 
subtotals of the SCAT test were recorded on the cards of the grade 9 
subjects for whom such results were available. 

Scores were then tabulated and processed to generate the 
following: 

1. Contingency tables (6 x 2) of item responsé (scored 0, 1) 
against grade 7 through 12, controlled for sex of subject. 

2. Contingency tables (3 x 2) of item response against grade 
7 through 9, and against grade 10 through 12, controlled for sex of 
subject. 

3. Chi-squares and contingency coefficients associated with 
the contingency tables in 1 and 2 above. 

4. Contingency tables (2 x 2) of item response against sex of 
subject, controlled for grade. 

5. Chi-squares and phi-coefficients associated with the tables 
in 4 above. 


6.  Product-moment coefficients of correlation among all items 
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and subtotals as described above (p. 81), and for grade 9 subjects 
Alberta Department of Education tests. 

7. Analysis of variance in boys' and girls' scores on SCAT 
verbal and quantitative subtotals. 

8. Mean scores by item (i.e. per cent correct response) and 
KR-20 coefficients for weight conservation test (18 items), volume 
conservation test (12 items), displacement law test (8 items), and 
atomistic schemes test (8 items), controlled for sex and grade in 


each case, 


SUMMARY 


The sample consisted of all students in grades 7 through 12 
in all schools under the jurisdiction of the County of Wetaskiwin No. 10 
who were present in school on the days of testing--a total of 906 
subjects. According to tests administered previously by the Alberta 
Department of Education, there were no significant differences between 
the distributions of scores on science achievement or scholastic 
aptitude (SCAT) tests among the grade 9 students in the sample and 
grade 9 students in the province of Alberta as a whole. 

The following were tested in a fixed standard procedure of oral 
questions with demonstrations: 

(a) Weight conservation in simple and complex transformations, 

(b) Volume conservation in rigid-body and plastic-body trans- 
formations, with both verbal and displacement questions, 


(c) Understanding of the displacement law. 
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Atomistic schemes of compression and dilatation were tested in 
an eight-item multiple-choice written test. Throughout all parts of 
the testing procedure subjects recorded their own responses on 
supplied answer sheets. Reasons for responses to conservation and 
displacement law tests were sampled by asking each group to write a 
short reason for the response to selected questions. Administration 
was to normal class groups or combinations of class groups in normal 
school periods towards the end of the school year. Subjects' scores 
were recorded for each item, various subtotals were generated for each 
subject, and the data analysed for groups of subjects according to 
grade and sex to test the hypotheses forwarded in Chapter I. The 


results of this analysis are reported in Chapter IV. 
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CHAPTER IV 


RESULTS 


The hypotheses raised in Chapter I will now be restated in turm 
together with a report of the corresponding results. Although 
conclusions will be reached with regard to each hypothesis, a more 
extensive discussion of the results of the experiment will follow in 


Chapter V. 


WEIGHT CONSERVATION 


The hypotheses to be considered in connection with the weight 

conservation test are: 

1.1 There are students in secondary school grades who may be 
classed as nonconservers of weight in simple transformations 
like change of shape. 

1.2 There are students in secondary school grades who may be 
classed as conservers of weight in simple transformations 
but who do not conserve weight in complex transformations 
like change of state. 

1.3. The incidence of nonconservation of weight in both 
simple and complex transformations decreases with grade. 

The percentage of conservers in each of the weight conservation 


questions are summarised in Table 6 by grade and sex, 
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TABLE 6 


120 
(108) 


101 
(106) 


65 
(40) 
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Simple Transformations 


As would be expected, the frequencies of nonconservation for 
the simple transformations (marked s in Table 6) are very low in 
some cases. This makes determination of their difference from zero 
difficult. Recall from Chapter IIIT (p. 73) that questions 11 and 18 
were obvious. It has to be allowed that any subject who answered one 
of these questions incorrectly was momentarily inattentive, marked 
his answer sheet other than ere he intended, etc. Any apparent 
proportion of nonconservers in a given question has to be reduced by 
the proportion of incorrect responses to these eee Pe questions. 

To determine whether the proportion of nonconservation in 
any given question was in fact nonzero, (taking into account the 
level of incorrect response through inattention, etc.) the following 
null hypotheses were tested with a rejection level of 0.05: 

a. For subjects of the same sex in the same grade, there is 
no difference between the proportions Brucorrecs response to questions 
11 and 18 (the obvious questions). 

b. For subjects of the same sex in the same grade, the 
proportion of conservers in a given question is not less than the 
proportion of correct response to question 11 or question 18 (whichever 
is the lower). Fisher's z test for the significance of the difference 
between independent proportions (Ferguson, 1966, pp. 176-178) was 
“used in both cases. It was assumed that the level of incorrect 


response through inattention etc. remains constant from question to 


question, 
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The questions which were found to have nonzero proportions of 
nonconservers are listed in Table 7. The list includes almost all 
questions in the lower grades. Confirmation that a nonconservation 
frequency is nonzero can be obtained by examining trends by grade.- 

It may be inferred that in lower grades, the frequencies of nonconservers 

which display a negative trend by grade must be nonzero, because it is 

not possible for frequencies to decrease below zero. Questions for 

which a negative trend by grade was found for nonconservation are 

marked with an asterisk in Table 7. Assuming that questions 1 (sectioning 
of clay cylinder), 2 (clay prism to ring), 3 (metal clamp on stand), 

and 5 (inversion of flask) test for conservation in a classical 

Piagetian sense, then about eight to sixteen per cent of boys and 

about twenty per cent of girls in grade 7 may be classed as nonconservers 

of weight. These proportions diminish to an extent indistinguishable 


from zero by grade 9. 


Complex Transformations 


Although nearly all subjects were found to conserve weight in 
the simple transformations like sectioning of clay (question 1), it 
can be seen from Table 6 that from one- to four-fifths of subjects are 
prepared to accept that the weight might change in the more complex 
transformations in questions 12 through 15. Of grade 12 boys, 17 
per cent believe that the weight of a metal bar changes when it is 
heated (question 12), while 82 per cent of grade 7 boys believe that 
the weight of a sealed can containing a small amount of gasoline changes 


when the gasoline evaporates (question 14). As shown in Table 8, in 
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TABLE 7 
LIST OF WEIGHT-CONSERVATION QUESTIONS FOR WHICH THE 
PROPORTIONS OF NONCONSERVERS IS GREATER 


THAN ZERO 


Boys Girls 
Grade Grade 
7 8 9 10-125) 7 8 9 10-12 
* OL 
me Be 
* 3 3 as 2h § 
4 4 4 4 4 4 
* 5 5 * 5 
* 6 6 6 6 * 6 6 6 6 
ud Vf ij if fl 7 a i 7 
* 8 8 8 8 8 8 
* 9 9 9 9 9 
*10 10 10** 10 10 10 10 
*12 iV 2 12** *12 LZ 12 i 
i 13 i138 13** 13 11) 13 TS) 
*14 14 14 14 *14 14 14 14 
*15 iS LS 15%** cm) 5 E5 15* 
16 16 16 16 16 16 16 16 
17 7. Ay 17 hg hy, 17 lye 


* = significant positive contingency coefficient (p<0.05) of 
correlation of question response with grade, junior high. 


**k = significant positive contingency coefficient (p <0.05) of 
correlation of question response with grade, senior high. 
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TABLE 8 
SIGNIFICANT CHI-SQUARES FOR SEX DIFFERENCE IN 


WEIGHT CONSERVATION QUESTIONS (df = 1) 


Grade 

Question 7 8 9 10 11 12 
1 7.33% 

2. 

5) 

4 4.66 

5 

6 Si2o% 7.39% 

7 15.40* 11.7* 5.63 6.80% 

8 

9 5.30 a 

10 Byenl 7.34% ye bes) 
(tal 

12 7.46% 4.80 
13 3.88 6.43 8.37% 22.9% 
14 7.42% 4.92 7.44% 8.70% 
5 5.20 Gee i lind * 
16 4.49 

Li 

18 

* = p<0.01 


The other chi-squares have 0.05>p70.01. 
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most cases above grade 7 significantly more boys than girls respond 
correctly to the complex transformation questions 12 through 15. 
Possible explanations for failure to conserve in the complex 


transformations will be discussed in Chapter V. 


Trends by Grade 


To detect trends by grade in item response, chi-squares and 
contingency coefficients were computed for contingency tables having 
item response as one variable, grade as the other. Table 9 presents 
all such chi-squares which are significant at the 0.05 level, together 
with the associated contingency coefficients. If grade is allowed to 
vary from 7 through 12, the chi-squares of the associated 6 x 2 
contingency tables are as a rule highly significant. It may be that 
the higher grades represent a somewhat select group, since students 
who drop out of school are usually those of lesser ability or 
achievement. The school leaving age is 16, precluding students 
dropping out before grade 9. Accordingly the chi-squares and contingency 
coefficients were recomputed for junior and senior high grades 
separately in 3 x 2 contingency tables, and these statistics also 
appear in Table 9. Significant chi-squares are found for most questions 
in the junior high school, but only for the complex transformation 
questions in the senior high school. 

A nonsignificant chi-square indicates that the corresponding 
item has a difficulty level independent of grade level. This may mean 
that development of the conservation ability for the particular 


transformation does not occur in the period tested (grades 7 to 9 or 
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TABLE 9 
SIGNIFICANT CHI-SQUARES AND CONTINGENCY COEFFICIENTS FOR 
TRENDS BY GRADE IN PROPORTION OF CONSERVERS 


OF WEIGHT 
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PORtC Oe 29 te OLE development does not occur it could be that the ability 

is already fully developed at the beginning of the period. Alternatively, 
it could be that development of the ability has to await development 

in other areas during the period. Another interpretation, of course, 


is that subjects in all grades misunderstand the question. 
Conclusions 


The results tend to support hypotheses 1.1, 1.2, and 1.3. 
About eight to sixteen per cent of boys and about twenty per cent of 
girls in grade 7 may be classed as nonconservers of weight. These 
proportions diminish to an extent indistinguishable from zero by 
grade 9. In complex transformations like heating a metal bar or 
melting ice, more than half of grade 7 students do not conserve 
weight. By grade 12 most subjects conserve weight in simple and complex 


transformations. 


DISPLACEMENT LAW 


The criterion for understanding of the displacement law was 
set at a score of five or more on the eight-item displacement law 
test. To have scored less than five a subject must feel that the 
weight of the immersed object or some animistic force determines the 
rise in level of the liquid.? This is a very liberal criterion 
especially in view of the high KR-20 reliability coefficients of the 
test as a whole. These coefficients lie between 0.62 (grade 8 girls) 


and 0.76 (senior high girls). 
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The hypotheses to be considered in connection with the 
displacement law test are: 
2.1 There are significant proportions of students in 
secondary school grades who do not understand the displace- 
ment law. 
2.2 Higher proportions of girls than boys do not understand 
the displacement law. 
Proportions of subjects of the same sex in the same grade who 
do not understand the law, presented in Table 10, are remarkably high 
except for boys in senior high grades, ranging from 20 per cent of grade 
9 boys to 73 per cent of grade 8 girls. Even more remarkable is the 
clear-cut sex difference in understanding of the law. Table 11 
presents chi-squares of 2 x 2 contingency tables with sex as one 
variable, displacement law understmding as the other. The lowest of 
these chi-squares has a probability of less than 2 x 107° (df = 1), 
indicating that the disparity between boys' and girls' performances 


on the displacement law test is unlikely to be a chance result. 


Conclusions 


The results support hypotheses 2.1 and 2.2. On the basis of 
the apparently liberal criterion adopted, 43 per cent of grade 7 boys 
and 73 per cent of grade 7 girls do not understand the law. By 
grade 12, virtually all boys but only 51 per cent of girls understand 


the law of displacement of fluids. 


oh edmobute io nnoha eee aan thaaee, ae 


~voalqatb odd basversbau tom ob ow aebasg Ioodse qrebaeape 1» lad 


4 ’ an 
byasatesbau ton ob eyod asda aeltke to enolisoqorzg vodg iH t¢ 
-wal ansusoelqeth ons 


ow sbarg smee 9f3 at xen ome odd Yo eio9jdue Jo anokagoqovd. («50 


ial 


dail vldndsemss 636 Ol oldeT om) bateseatq .wel odd bnedesabay ton ob 
sba1g to situo sq OS mor? geternn ,esborg det, solase nl aged sot ageoxe 
odd-a2 sfdutrumay 70m mey@ ,eftkg 8 sbatg Yo tnao 19g £5 Od eyod: e 

tt olde! .wol sd9 do gofbnasetabru gt sonereatkb xse Sussanle 


ano an #82 itw eeldas Yorogilinos S x & 6 eoreups-tris admeeorg t 


to desvol AT .s0ddo 94% a5 gaibmiaarobnu wal tremeostqeth ,sidelzav 
«(I = ib) e-G) x © andd sant Xo Viiitdedorq « eed eesTeupa-ido seadd 
toonmmnsoizeg ‘elrig bop ‘eyod moewsed ytiaadalh ody indd gntanotbal 


.tiueo2 sonddo 6 ad od ylodtinu #1 jeod wal dnomenvelqetb odd go 


anodeulosio) 


io e@inad of3 AO .8.8 baw 1,0 aveoddoqyd Saoqqua etlanea sdT 
evod \ sbaiy to ites iq €) ,bo%q0bs moltetive Ieraedht ¢linereaqn ody 
qi wet andy bredeazabew Jon ob aluts ¥ bere lo Jne0 t8q ét line 
bead vahcik efaig to tno 1a9q [et yfno dud ayod Ife yvileuwtrly (St vos 
. @ he 


SOBNOLY Yo dnamsoclgatb 10 wal oda” 
eer Se 


» 
- 


94 


TABLE 10 
PER CENT OF SUBJECTS WHO DO NOT UNDERSTAND 


THE DISPLACEMENT LAW 


Grade Boys Girls 

7 42 is 

8 24 67 

9 20 61 
10 6 a2 
m1 16 SMe 


TABLE 11 


CONTINGENCY TABLES OF DISPLACEMENT LAW AGAINST 


SEX OF SUBJECT (df = 1) 


Displacement Law 


(frequencies) 
0-4 5-8 g? 
Grade 7 
Boys 46 61 
Girls Tio 26 29°69 
Grade 8 
Boys 26 94 
Girls 3 35 35.8 
Grade 9 
Boys 20 81 
Girls 65 a O70) 
Grade 10 
Boys 4 61 
Girls ZN. 19 28.5 
Grade ll 
Boys 7 37 
Girls De Bath Lda 
Grade 12 
Boys iL a “2 
Girls 20 21 TOvur (pre ewan tue) 
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VOLUME CONSERVATION 


The hypotheses to be considered in connection with the volume 


conservation test are: 


Shaul 


one 


Ses! 


oh 


There are significantly large proportions of students in 
secondary school grades who may be classed as nonconservers 
of volume. 

Higher proportions of boys than girls conserve volume. 

The proportion of nonconservers of volume in rigid-body 
transformations (involving only simple sectioning or 
relative displacement of separate parts) is lower than the 
proportion of nonconservers of volume in plastic-body 
transformations. 

Higher proportions of conservers of volume are found in 
tests involving verbal questions only, than are found in 
tests involving displacement of water only, because of 
subjects who believe weight causes displacement and thereby 


conserve weight, not volume, in the displacement question. 


Table 12 shows, for subjects of the same sex in the same grade, 


the per cent of correct response to each volume question. Verbal 


questions are odd-numbered. The corresponding displacement question 


for a verbal question is the succeeding even-numbered question. The 


first three pairs of questions (19-20, 21-22, 23-24) represent the 


rigid-body transformations, the latter three pairs (25-26, 27-28, 29-30) 


represent the plastic-body transformations. The transformations are 


described on pp. 75-76. 
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Question 


19 
20 
21 
Ae 
23 
24 
AS) 
26 
2d. 
28 
29 


30 


Sex 


PER CENT OF CONSERVERS 


oF 


TABLE 12 


IN VOLUME CONSERVATION QUESTIONS 


8 ) 10 ih 12 
ah 86 94 OX 97 
(67) UES) (83) (84) (93) 
83 85 92 86 94 
C71) (71) (85) (81) (78) 
53 56 65 68 84 
(30) (35) (28) (44) (46) 
Te 7 | 83 iis) 88 
(61) (70) (70) (77) (66) 
79 84 80 84 88 
(64) (81) (70) (77) (78) 
88 89 97 on 100 
(87) (83) (93) (88) (90) 
v9 83 89 91 94 
(62) (71) (70) (77) (71) 
85 90 89 96 100 
(78) G35) (78) (88) (88) 
76 81 86 89 a7 
(56) (61) (65) (72) (81) 
81 89 94 91 100 
(69) i) (88) (79) (85) 
Ue 81 85 82 94 
(47) (60) (60) (67) (73) 
82 85 OM 82 100 
(63) (69) (73) (79) (76) 
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Level _of Nonconservation and Sex Differences 


Table 13 shows the per cent of volume conservation in the 
verbal question for the ball-sausage transformation (question 25) compared 
with that found by Elkind (1961c). The ball-sausage transformation 
was used by Elkind, but he required a subject to predict, judge, and 
explain correctly the conservation of volume. In the present study, 
subjects were required only to judge whether volume remained unchanged 
in the various transformations. It can be seen that the percentages 
found here exceed those of Elkind in every grade, possibly because 
of the lesser criterion. The sex difference Elkind discovered 
occurs here also. Only in grade 7 are there any cases where the 
proportion of volume conservers is not lower for girls than it is for 
boys. Chi-squares of contingency tables of sex against response to 
volume conservation questions are shown in Table 14, and are 
significant at the 0.05 level in almost every case above grade 7, 
again indicating that the disparity between girls' and boys' performance 
on volume conservation testing is unlikely to be a chance result. 


The results therefore support hypotheses 3.1 and 3.2. 


Methodology of Volume Conservation Testing 


The methodology of volume conservation testing has been discussed 
in Chapter I (pp. 7-9 ) and again in Chapter II (pp. 27-34). It was 
hypothesised that (a) the kind of transformation, and (b) the kind of 
question would affect the level of conservation detected, The volume 


conservation test was designed to include two kinds of transformation 
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TABLE 13 
PER CENT OF VOLUME CONSERVATION IN BALL-SAUSAGE TRANSFORMATION 
(QUESTION 25) COMPARED WITH PER CENT OF VOLUME 


CONSERVERS FOUND BY ELKIND (1961c) 


Grade Elkind Present 
Experiment 

M (F) M (F) 
7 38 (26) 56 (56) 
8 43 (29) 79 (62) 
9 68 (40) 83 (71) 
10 ; 58 (39) 89 (70) 
ll 72 4058) 96 (88) 


12 79 (68) 100 (88) 


i 
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TABLE 14 
SIGNIFICANT CHI-SQUARES FOR SEX DIFFERENCE IN VOLUME 


CONSERVATION QUESTIONS (df = 1) 


Grade 
Question 7 8 9 voll0si2 
19 395 
20 (Ai 5 AE 6.20 5926 
21 132k 9.67%* 25.4% 
22 5.08 
23 6.57%* 
Das 
25 8.11* 4.48 L533 * 
26 8.54% 6.40* 
2. 1051+ 9.91* 12.4* 
28 3.98 9.87%* P.o2* 
29 16.3% 10.8* 12.6%* 
30 10.0* 7.70% 9.70* 


* = p<0.01 (x%>6.64) > 
The other chi-squares have 0.05>p 70.01 (3.84% W” £6.64) 


7 


7 7 =i. 
(42.5< *%) 10.0>q = * 
(38.9> * >O8,0) 10.064 20.0 svar ectcipn ie tamee edt 
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in two kinds of question. Comparisons of volume conservation 
proportions will now be made on the basis of each of these two 
variables in turn’ 

Rigid-Body vs. Plastic-Body Transformations. By a rigid-body 
transformation is meant one which involves either sectioning alone, 
or relative displacement of separate parts. Question pairs involving 
rigid-body transformations are 19-20 (unfolding of hinged wooden 
blocks), 21-22 (unfolding of rolled lead strip), and 23-24 (splitting 
of clay ball). Question pairs involving plastic-body transformations 
are 25-26 (ball-sausage), 27-28 (ball-pancake), and 29-30 (metal 
melting and recasting). Subjects who correctly answered one or none 
of the verbal questions 19, 21, or 23 were classed as nonconservers of 
volume for rigid-body transformations, and subjects who correctly 
answered one or none of the verbal questions 25, 27, or 29 were 
classed as nonconservers for plastic-body transformations. The choice 
of the verbal questions to form the criterion is consistent with the 
implication in hypothesis (3.3) that the displacement question alone 
gives an inflated proportion of conservers. 

The requirement is to test the difference between the 
proportions of rigid-body-transformation conservers and plastic-body- 
transformation conservers. These proportions must be correlated? 
therefore a z - test test for significance of difference between 
correlated proportions may be used (Ferguson, 1966, pp. 178-181). The 
results, presented in Table 15 are inconclusive. For senior high and 
grade 9 boys, cell frequencies are too low for the corresponding z to be 


interpretable. Proportions of conservers in rigid-body transformations 
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TABLE 15 
SIGNIFICANCE OF DIFFERENCES BETWEEN PROPORTIONS OF VOLUME 


CONSERVERS IN RIGID-BODY AND P LASTIC-BODY 


TRANSFORMATIONS (VERBAL QUESTION) * 


Group A D ‘4 Pp 
ee ee eee 
Grade 7 Boys 2a d 2.64 0.01 
Grade 7 Girls 11 at): 0.19 0.85 
Grade 8 Boys 5 14 -2.07 0.04 
Grade 8 Girls 18 iit 1-30 Os 
Grade 9 Boys 2) 6 --- -- 
Grade 9 Girls 19 7 2.38 O02 
Grade 10-12 Boys 4 de --- -- 
Grade 10-12 Girls 18 14 Ole 0.48 


* Ferguson (1966, pp. 178-181) 
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are found to be significantly higher than in plastic-body transformations 
for grade 7 boys and grade 9 girls, but not for grade 7, 8, or senior 
high girls. A significant difference is found for grade 8 boys, but 

in this case the plastic-body transformations were less difficult. 

More conclusive results are obtained if question 21 (unfolding 
of rolled lead strip) is not classed as a rigid-body transformation. 
Inspection of Table 12 indicates that question 21 is considerably 
more difficult than any of the other questions. The question could 
have been interpreted by many subjects as referring to the peripherally 
enclosed space of the lead foil roll, which actually does decrease on 
unfolding. There were spaces between the folded layers since perfectly 
flat folding was not possible. Reference to Figure 3 in Appendix A 
(p. 163) will make this clear. By contrast, the corresponding 
displacement question (22) shows a proportion of conservers comparable 
with the other questions. Question 21 therefore appears to be 
testing something different than the other questions. 

In Table 16 the differences between the verbal questions taken 
two by two are presented. Results are shown for junior high school 
only, but similar results are obtained if each grade is taken separately. 
The order of difficulty of the questions is clearly 

i) Zo i) 7a) zg Ze 
In addition, there is no significant difference between the rigid-body 
transformations 19 (unfolding of hinged blocks) and 23 (splitting of 
clay ball). A reasonable conclusion however would be that these two 
questions represent close points on a continuum of difficulty, rather 


than members of the same class in a dichotomy (according to type of 
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TABLE 16 
UNIT-NORMAL-CURVE DEVIATES FOR DIFFERENCES AMONG 
VERBAL QUESTIONS IN VOLUME CONSERVATION 


TEST (FERGUSON, 1966, pp. 178-181) 


Ques- Question 

tion M (F) M (F) M (F) M (F) M (F) 
23 Oes5 4083) 

25 T 2677542 £68*)) e306 88%) 

27 1.296*(4 50*)) (1) .78* (35/2*)50.49 (2.16%) 

a9 3.62*(5.70*) 3.40%*(5.25*) 2.40%*(4.05*) 2.06*(1.83%) | 

au 8.30*(10.1*) 8.20*(9.60*) 8.10*(8.65*) 7.36*(7.05) 6.05%*(5.85*) 


* = p 40.05 (One-tailed test) 
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transformation). Assuming that question 21 (unfolding of rolled lead 
strip) is not anomalous, the difficulty order could be explained in 


terms of the relative magnitudes of increase in surface area. This 


would be consistent with the idea that a prerequisite to volume conserva- 
tion is correct relationship of boundary surfaces to volume. Thus the 


evidence does not support hypothesis 3.2. 


Verbal vs. Displacement Question. For each transformation 


the volume conservation question was asked twice--first verbally, 
then in terms of displacement level alone. The verbal questions are 
odd-numbered, the displacement questions even-numbered. The actual 
methods of asking the questions were described in Chapter III (pp. 74 
75). Briefly, the verbal question was asked in terms of volume or 
"room taken up", while the displacement question was asked solely 

in terms of water levels with no mention of volume or room occupied. 

As would be expected, response to a verbal question correlates 
with response to the corresponding displacement question. Phi- 
coefficients are presented in Table 17. This follows since few who 
answer the verbal question correctly answer the displacement question 
incorrectly. The actual response patterns for the two questions will 
be examined presently. 

A z-test for significance of difference between correlated 
proportions (Ferguson, 1966, pp. 178-181) was used to test the 
significance of difference between the proportions of conservers on 
each type of question. The results are presented in Table 18. The 
null hypothesis of no difference is rejected except for question pair 


19-20 (unfolding of hinged wooden blocks). The difference is very great 
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TABLE 17 
PHI-COEFFICIENTS OF CORRELATION BETWEEN VERBAL AND 


DISPLACEMENT VOLUME CONSERVATION QUESTIONS 


—— 


Question Grade 
pair 7 8 9 10-12 
M (F) M (F) M (F) M (F) 

19-20 .2/* (ais) 133 *tOCR24%) Pearls (.38%) ~.12 Cal7) 
21-22 2438  (EZaX) Saber eS) el9 Ca22%) pes d= (0s 
23-24 ard (02) 04% C34) aes 7, Cg LO) Ae VE rs) 
25-26 eleen (eee) ahi oh) mot oC20") Soio2e | aaa) 
27-28 L402) ‘(5a84)) JOR CGI37*) GSI48* §(.53%)) 231% 0.42%) 
29-30 Me CSO.) meee e302) DO Ctl Sad ee OS) 
N 107 (99) 120 (108) 101 (106) 141 (124) 
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TABLE 18 
FREQUENCIES OF VOLUME CONSERVERS FOR VERBAL AND DISPLACEMENT 
QUESTIONS, AND z-TEST FOR SIGNIFICANCE OF DIFFERENCE 


BETWEEN THE CORRESPONDING PROPORTIONS 


Question Verbal Question 


Displacement Zz 


Pair Question 7 

M (F) M&F M (F) M&F M F (M&F) 
Junior High (Grades 7-9) 
19-20 254 (243) 497 Ps {oN CAS) pe Mays) 0.49 (lia) 1356 
21-22 S955 (1014 290, 226m 0195) 42 1 6426 (8.10) 10.2 
23-24 246 (215) 461 2) le 204) 98535 2.48 (5.325) 0502 
25-26 240 (197) 437 261 (226) 487 2.83 (3.00) 4.10 
27-28 23657 (L77/) 413 251 (216) 467 1.94 (4.13) 4.40 
29-30 221 (166) 387 238 (204) 42 2.90 (4.05) 4.86 
N BP Roh (espe fepsyil 328° (313)) 651 


‘Senior High (Grades 10-12) 
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29-30 T1083) 200 wal fae 2) aed Oe ee 0) ene 
N 141 (124) 26 West (Clay oa 
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(20=910729hpS90F01). for question pair 21-22 (unfolding of rolled lead 
SErip) 

Apparently the perceptual aspects of the transformation in 
question 19 (hinged blocks) are not particularly misleading, and 
nearly all subjects conserve volume. On the other hand in the 
corresponding displacement question (20), the wooden blocks have to 
be pushed under the water, and perhaps this makes the situation a 
little more misleading. For instance, a grade 9 subject writes in 
explanation "I'll (sic) rise more because the stick has to be pushed 
into the water before it becomes completely immersed thus forcing it 


colrise mores! 


The apparently anomalous difficulty of question 21 
(lead strip) has already been mentioned (p. 103), thus the difference 
between the displacement and verbal questions is probably spuriously 
accentuated in question pair 21-22 and spuriously reduced in question 
pair 19-20. These effects tend to cancel each other in the analysis 
which follows, but it would not be unjustified to omit both pairs from 
further consideration. 

Now that a difference has been established between the verbal 
and displacement questions, the source of the difference may be 
investigated. The hypothesis to be considered is that the difference 
is caused by subjects who believe weight causes displacement and thus 
conserve weight, not volume, in the displacement question (hypothesis 
3.3). In fact there are not just two kinds of subject--conservers 
and nonconservers of volume--but potentially eight. This is because a 
subject may or may not conserve on the verbal question, may or may not 


conserve in the displacement question, and may or may not believe weight 
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causes displacement. 

Let a subject's set of responses be described by a combination 
of the following statements: 

v = S correctly answers verbal question, 

d = S correctly answers displacement question, and 

1 = S correctly understands displacement law. 

Let v, d, and 1 represent negations of these statements (1 
subjects think weight causes displacement). 

Then the set of eight conjunctions (v.d.1l, ved sit vidul, Weds 
edn A v.d.l, ide degle. and v.d.1) includes all possible patterns of 
response. Meaning can be attached to each of these response pattems 
as follows: 

The case (v.d.1) represents what could be called "complete" 
conservation of volume. Only (v.d.1) subjects would meet Elkind's 
(196la) criterion of prediction, judgement, and explanation. The cases 
(v.d.1), (v.d.1), and (v.d.1) appear to represent anomalous cases. The 
first two represent contradictory response, the subject conserving on 
the verbal question but not on the displacement question, or vice versa. 
The third--(v.d.1)--would represent conservation of volume but not of 
weight, an inversion of the invariable order of quantity concept 
acquisition. The cases (v.d.1) and (v.d.1) represent volume conservation 
in the absence of the displacement law and vice versa. The case (v.d.1) 
is that in which apparent volume conservation in the displacement law 


is actually weight conservation. This is the case hypothesised to account 


for the difference between verbal and displacement questions. Finally, 


the case (v.d.1) would represent failure to conserve either volume or 
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weight. These interpretations can be summarised as follows: 
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complete volume conservation, 

v.d,l = inconsistent response, 

v.d.1 = inconsistent response, 

v.d.l = displacement law without volume conservation, 

v.d.1 = volume conservation without displacement law, 

v.d.l = weight conservation in displacement question, 

v.d.l = volume conservation, weight nonconservation, (reversal 

of invariable order), and | 

v.d.l = conservation of neither weight nor volume. 

Thus it is expected that (del). (v.d.1), and (v.d.1) have 
frequencies which tend to zero, since they represent apparently anomalous 
cases, so that the difference in frequencies of verbal and displacement 
conservers is made up of Gola cases. 

Table 19 presents the actual frequencies of each response pattern 
for subjects of the same sex in each of the following groups: grade 7, 
grade 8, grade 9, junior high (grades 7-9), and senior high (grades 10- 
12). The criterion for understanding of the displacement law used in 
calculating frequencies for this table was a fairly specific one, based 
on response to the displacement law questions 32, 33, and Tae An 
incorrect response to any one of these questions indicates a belief 
that the weight of the immersed object determines the new level of 
liquid on immersion. Subjects who responded correctly to at least two 
of these items were classed as understanding the displacement law. Since 
there are eight possible categories for the data, N should be fairly 


large, and for this reason, most of the remainder of this analysis is 
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TABLE 19 
FREQUENCIES OF RESPONSE PATTERN FOR VERBAL QUESTION, DISPLACEMENT 


QUESTION, AND DISPLACEMENT LAW 


Question 7 8 9 Junior High Senior High 
Pair M (F) M (F) M (F) M (F) M (F) 


I: Response Pattern (v.d.1) 


19-20 44 (13) (ak KEK) 66 (23) Loin (Asi A (eB) 
21-22 29° (8) Do eel 3) ee Lae GLa 1230 Ca Ie) 60 (23) 
23-24 LSS GB ey Th OLD) 62 (28) 183 (69) 7350) 
25-26 42 (13) 1Goe@s) yh 13s) 185 (58) VoOmaals) 
27-38 36 ~ (15) 66 (17) 64 (20) 166 (50) 155 (32) 
29-30 34 (10) 70 = C16) 63, (23) 167. (49) (pe) 4EY>) 
N 107, (99) S120 5 (108) 101s (100)5 3255 lo) Sela) 


II: Response Pattern (v.d.1) 


19-20 ED) a. (4) 2) Low Gi) by EP) 
21-22 4 (4) Dene 2) Z (4) 16 (10) Gnntec) 
23-24 ke) 1 (0) D>» C2) Se (usa) Ome CL) 
25-26 Paes (9) (eee (O1e) ae CD) sb Os al lf) Ors) 
27-28 9 (0) SG) mc @)) Lac 3)) 8) OIA) 
29-30 Ae Gh) YQ) iemet Gy) Homma) 2 (2) 
III: Response Pattern (v.d.1) 
19-20 Seay G (8) Zeek) LoS tls) eb Step) 
21-22 Ize Gs) Zim CLO) 22m GLO) sey 2 Meee) Tipe) 
23-24 ee yeh) 3 (5) 5 (0) 20 (8) foes. 
25-26 eemee (el) cpm) eee) eS) 6--*(6) 
27-28 nes) 7 (6) 6 (3) ies 1 eked)) 7 (4) 
29-30 8 (5) LOC) 4 (3) 22m) SG) 
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TABLE 19 (Continued) 
FREQUENCIES OF RESPONSE PATTERN FOR VERBAL QUESTION DISPLACEMENT 


QUESTION, AND DISPLACEMENT LAW 


Question L 8 9 Junior High Senior High 
Pair M  (F) M  (F) M  (F) M (F) M (F) 


IV: Response Pattern (v.d.1) 


19-20 6 (0) Sr aL) La (2) 15 (3) fh EX) 
21-22 20 (8) iors sfesy) GP (4) Swi NeW) 1 Git 
23-24 2 (1) 9—~(1-) Lyrae (2) 1:5 (4) 4 (2) 
25-26 Weed a3) 6 (4) 5a (5) 23) (14) te (ED) 
27-28 Lom Gy) TZ #6) Sy) 33 (18) 2° (5) 
29-30 19 (3) 9 (8) Jeni B) 35——= (14) 6-=(5) 
V: Response Pattern (v.d.1) 
19-20 Na a jl) 2 Gs) 17. (44) GZo Ci) ll (49) 
21-22 4 (14) 5 (9) 7h ¥ waa) 16 (40) Se Clo) 
23-24 USeren(i35:) jae (409) 18 (45) 48 (120) 1:3 remedy) 
25-26 POP 3:2) 13 (35) 15940) Foy Gk ey) 4 aa) 
27-28 12 (29) 20> (34) 15 (39) 47 (102) 2S) 
29-30 6 (25) nish (Xa) 159 ao 8) 34 (82) 12 G2) 
VI: Response Pattern (v.d.1) 
19-20 Pieces) 4 e(1h1) 07315) 15 44) 6-12) 
21-22 3 (8) 16) 2, (2) 6 (16) Ske) 
23-24 (os) Oey) OCT) (7 e22) 1 (4) 
25-26 SianacS)) Zee) Ose CiaL) 1, OC RP) Sea) 
27-28 6 (8) Ve) 24) 8 (20) 4 (3) 
29-30 7 (7) 4 (6) Zee) 13. (20) 4 (8) 


VII: Response Pattern (v.d.1) 
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TABLE 19 (Continued) 
FREQUENCIES OF RESPONSE PATTERN FOR VERBAL QUESTION DISPLACEMENT 


QUESTION, AND DISPLACEMENT LAW 


Group 
Question 7 8 9 Junior High Senior High 
Pair M  (F) M  (F) M  (F) M (F) M (F) 
23-24 i a2 9) 93) (1s) 25° (67) de (21) 
25-26 oC) 9 (22) aan CLG) Dope (53) i eCLG) 
Dupes wh Oley A AS) USE Tain ee ep) 4 (16) 
29-30 2 eee 1so)) Sa (2) G =(16) ZL 3) 4 (18) 
VIII: Response Pattern (v.d.1) 

19-20 EL Gb4) Gaal) Tees) Zoe (415) 1 (4) 
21-22 2 42), 13. (29) Ba (22) 23 GAG) Ve edi 
23-24 iGo) 4 (10) Zemnce) er Caley Poet G9) 
25-26 18 (20) 6 aie.) (i) 27 ~(40) 4 (9) 
27-28 GLO) 6 (16) Sue CL/) Zoo) 2 (9) 
29-30 (ge C29) 8 (23) 4 (20) 2p KG 2) 2a) 
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confined to the junior high school boys' and girls' totals. 

Table 20 shows that the frequency of complete conservers (v.d.1) 
is consistent from question pair to question pair. Approximately 65 
per cent of grade 9 boys and 25 per cent of grade 9 girls can be 
classed as complete conservers. It was noted above that only such 
(v.d.1) subjects would meet Elkind's (196lc) criterion for volume 
conservation. He found 68 per cent of boys and 40 per cent of girls 
at grade 9 level to be conservers of volume.’ 

The frequencies for the apparently anomalous cases (ede 
(v.d.1), and (v.d.1) shown in Table 19 are small in most cases, but 
together account for about 15 per cent of all subjects in junior high 
school. It may be concluded that both (v.d.1) and (v.d.1) for boys, 
and v.d.l for girls, are very close to, if not, zero. The eight per 
cent of girls who answer in (v.d.1) fashion may be considering factors 
other than weight or volume as causing displacement (e.g. diameter of 
immersed object relative to the container). The case (dal) accounts 
for the response patterns of about six to eight per cent of boys and 
about four to five per cent of girls in junior high school. These 
subjects probably either misunderstand the verbal question, or find the 
displacement question easier to answer than the verbal question. Such 
subjects should be classed as conservers of volume, but would not be 
so classed on Elkind's criteria. In any case, the proportion of subjects 
in this category is low. 

The case (v.d.1) was interpreted above as conservation of neither 
weight nor volume. If this is a correct interpretation, then such 


subjects would be low scorers on the weight conservation test. Of the 
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TABLE 20 
FREQUENCY, MEAN FREQUENCY, AND MEAN PER CENT OF RESPONSE 
PATTERNS (v.d.1), (v.d.l), AND (v.d.1), 


JUNIOR HIGH 


Response Question Pair Frequencies Mean Mean 
Pattern 19-20 21-22 23-24 25-26 27-28 29-30 Frequency Per Cent 


Boys 
v.d.l 19 55 20 13 7 2 24 733 
v.d.l 16 16 13 10 15 7 13 4.0 
v.d.l 15 6 i 7 8 13 9 D7, 
Girls 
v.d.l 16 25 8 8 12 13 14 4.5 
v.d.l iil 10 4 7 3 5 il Wel 
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137 junior high subjects who responded in the (v.d.1) pattern for more 
than one of the six meraisterh pairs, only 65 per cent responded correctly 
to more than half of the 18 weight conservation tasks. For the 
remainder of the junior high school subjects, 93 per cent responded 
correctly to more than half of the weight conservation tasks. The 
corresponding contingency table (Table 21) has a highly significant 
chi-square (% 2 = 73.5, df = 1, pe<0.001), indicating that the perfor- 
mance on weight conservation tasks by (v.d.1) subjects is significantly 
lower than the performance by the remainder of subjects in the sample of 
junior high school students. 

Finally, Table 19 shows that the frequency of (v.d.1) well 
exceeds chance level. Subjects who respond in this pattern account for 
about seven to eight per cent of boys, and about twenty per cent of 
girls. Hypothesis 3.3 is that this response pattern is the source of 
the difference between verbal and displacement questions. The results 
support this hypothesis. Figure 2 shows how the proportions of conservers 
for both verbal and displacement questions are made up of the different 
response patterns, with the predominant patterns being complete 
conservation, and conservation of weight in the displacement question. 
An explicit example of (v.d.1) reasoning is given by a grade 8 subject 
in explanation of an incorrect response to displacement question 26 
(ball-sausage): "It doesn't make any difference what shape or size it 
is because it still has the same weight."' A grade 9 subject wrote in 
explanation of an incorrect response to displacement question Be 
(unfolding of rolled lead sheet): 'The weight was the same so if you 


immerse it, it will take up more room but the water level will rise the 
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TABLE 21 
WEIGHT CONSERVATION PERFORMANCE OF (v.d.1) AND NON-(v.d.1) 


SUBJECTS (JUNIOR HIGH) 


Weight Conservation Scores 


0-9 10-18 
(v.d.1) Subjects «48 | 89 
Other Subjects Wp 466 


Chissquare = 73.5, dis—= 1, p<<0.001 
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Figure 2 
Response Patterns of Volume Conservers for Both Verbal 
and Displacement Questions 25 and 26 (Ball-Sausage 


Transformation) 
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same amount." 

An additional note may be made at this point. In junior high 
school grades the case (v.d.1) accounts for 10 to 15 per cent of boys' 
responses and for 30 to 40 per cent of girls' responses. The case 
ace) accounts for 5 to 10 per cent of boys' responses and 30 to 40 
per cent of girls' responses. It is thus possible to respond to 
verbal conservation of volume questions correctly without understanding 
the displacement law CGS The reverse is true for few boys and 
practically no girls. The relationship between the displacement law 


and volume conservation will be further discussed in Chapter V. 
Conclusions 


The evidence supports hypotheses 3.1 and 3.2, but not hypothesis 
3.3. With respect to 3.1, from 44 per cent of students in grade 7 to 
18 per cent of students in grade 12 may be classed as nonconservers of 
volume using a judgement-only criterion in a verbal question, e.g. ball- 
sausage transformation. With respect to 3.2, more boys than girls 
conserve volume above grade 7, With respect to 3.3, no definite result 
emerged. One of the rigid-body transformations was Steniercane ly more 
difficult than any of the other transformations, although the other two 
were the least difficult of all transformations. It appears however 
that there might be a continuum of difficulty rather than a dichotomy, 
and the relative magnitude of the change in surface areas which occurs 
in the transformation might be a major factor in determining the 
difficulty. With respect to 3.4, for junior high school grades combined, 


nearly 15 per cent of subjects answered the displacement question 
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correctly but not the verbal question, but did not understand the 
displacement law. These subjects account for most of the difference 


between proportions of verbal conservers and of displacement conservers. 


SCHOLASTIC APTITUDE AND SCIENCE ACHIEVEMENT 


Scores on a standardised science achievement test and on SCAT, 
both tests administered by the Alberta Department of Education, were 
available for 79 of the 101 boys and 93 of the 106 girls in grade 9. 
The hypotheses to be considered in relation to these test results are: 

4.1 No sex difference in mental ability exists in the sample 
tested for volume conservation. 

4.2 A tendency exists for subjects whose scores are below the 
mean in a test of weight conservation to have scores below 
the mean in a test of science achievement. 

To test 4.1, it was assumed that grade 9 students for whom 
scores on the SCAT test were available are representative of the sample 
as a whole. SCAT scores "can confidently be interpreted as a measure 
of ‘general intelligence.'" (Buros, 1965). Although the SCAT scores 
were available as percentiles, the verbal and quantitative subtotals 
were available as stanines. Accordingly a one-way analysis of variance 
was used to test for sex difference in each of the SCAT subtotals. 
Results are presented in Table 22, and show that no significant 
difference exists between boys' and girls' scores on either SCAT verbal 
or SCAT quantitative subtotals at the 0.05 level. 


Contingency tables (2 x 2) showing the relationship between 
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TABLE 22 
ANALYSIS OF VARIANCE FOR BOYS' AND GIRLS' SCORES 
ON (A) SCAT-VERBAL, AND (B) SCAT- 
QUANTITATIVE 
Source Ss MS eee Hf p 


(A) SCAT-VERBAL 


Groups 6.8 6.83 ih 2.24 0.14 


Error 51933 3.05 170 


Means: Boys' = 4.6, Girls' = 5.0 


(B) SCAT-QUANTITATIVE 


Groups 1.4 1.42 il 0.38 0.54 


ETror 65374 3273 170 


Means: Boys’ = 5.1, Girls, = 555 
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weight conservation scores and science achievement are presented in 
Table 23. These tables show that 19 per cent of boys and 15 per cent 
of girls score below the median in the weight conservation test and 
above the median in the science achievement test. If performance on 
these two tests were unrelated, then the proportion of subjects in 
the cell of interest (below the median in weight conservation, above 
the median in science achievement) would be 0.25. Taking the 95 per 
cent confidence interval of a proportion as 1.96 pf (pq/N) (Ferguson, 
1966, p. 158), it may be seen that the proportion 0.25 lies within a 
Soeper=cent=conridence interval or Us19 (N — 79), but mor OL 0, lo 

(N = 93). The confidence intervals are for boys, 0.19 + 0.08, and 
for girls, 0.15 + 0.07. Thus it appears that girls who score below 
the median on the weight conservation test are likely to score below 
the median on science achievement. 

Product moment coefficients of correlation between performance 
on the weight conservation test and science achievement are significant: 
ee O27 (be=e2.4/7> p — 0.02) (for boys. and ce=10 365 (te=) 5.7 Om 
0.01) for girls. The relationship appears to be stronger for girls, 
although the difference between boys' and girls' coefficients is not 
Sipnitieanta(zrs= 0.04, pr= 0.13) (Ferguson; 1966, (pp.alc/-168) Sait 
may be concluded therefore that science achievement is related to 


performance on the weight conservation test. 


ATOMISTIC SCHEMES 


The hypothesis to be considered in connection with the atomistic 
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TABLE 23 
CONTINGENCY TABLES SHOWING RELATIONSHIP BETWEEN WEIGHT 


CONSERVATION SCORES AND SCIENCE ACHIEVEMENT 


Weight Conservation 


Science Achievement Below Median Above Median 
Boys 

Below Median 22 16 

Above Median 15 26 
Girls 

Below Median St 07 / 


Above Median 14 yl 
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schemes test is: 


5.1 Scores on the atomistic schemes test correlate with scores 
on each of the three-item verbal tests of volume 
conservation. 

Table 24 presents product-moment coefficients of correlation 
between scores on the atomistic schemes test and scores on the verbal 
volume conservation tests. Coefficients are significant in most cases, 
ranging from zero to 0.42 for subjects of the same sex in the same 


grade. 


SUMMARY OF CONCLUSIONS 


The results generally support the hypotheses advanced in 
Chapter I, except for hypotheses 3.3 (rigid-body transformations are 
less difficult than plastic-body transformations). The main 
conclusions reached in the foregoing analysis of results will be 
summarised below, and the results and conclusions will be discussed 
further in Chapter V. 

1. Some junior high school students--from 10 to 20 per 
cent in grade 7--were found to be nonconservers of weight in simple 
transformations like change of shape. 

2. From 20 to 80 per cent of secondary students from grade 7 
through 12 were found to be nonconservers of weight in more complex 
transformations like change of state. More girls than boys were 
nonconservers of weight in complex transformations. 


3. In general, proportions of nonconservers of weight 
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TABLE 24 
PRODUCT-MOMENT COEFFICIENTS OF CORRELATION BETWEEN ATOMISTIC 
SCHEMES TEST AND (A) RIGID-BODY VOLUME CONSERVATION, 


(B) PLASTIC-BODY VOLUME CONSERVATION 


Grade A B N 
M (F) M (F) M 

7 18% (.18*) (E11) (.00) 107 

8 42% (.32*) (.30*) (.05) 120 

9 5 (.33*) (#12) (.27%*) 101 

10-12 225% (.37%*) (.01) (.21*) 141 


* =p €0.05 
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decreased from grade 7 through 12. 

4. For boys from 40 per cent in grade 7 to five per cent in 
grade 12, and for girls from 40 per cent in grade 7 to 20 per cent in 
grade 12 were found to be nonconservers of volume. 

5. In every grade above grade 7 significantly greater 
proportions of girls than boys were classed as nonconservers of 
volume. 

6. Volume conservation questions probably lie on a continuum 
of difficulty according to the nature of the transformation. 

7. The main contributing factor to an excess of displacement - 
question volume conservers over verbal-question volume conservers was 
a group of subjects, mostly girls, who conserve weight not oie 
in the displacement question because they do not understand the 
displacement law. 

8. For boys from 40 per cent in grade 7 to three per cent in 
grade 12, and for girls from 73 per cent in grade 7 to 50 per ‘cent 
in grade 12 do not understand the law of displacement (immersed 
objects displace their own volume of water). 

9. Science achievement was found to correlate with performance 
on the weight conservation test. 

10. Scores on the atomistic schemes test were found to correlate 


with scores on the verbal volume conservation tests. 
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FOOTNOTES - CHAPTER IV 


A summary of the transformations in the weight conservation questions 
can be found in Chapter III, pp. 72-73. 

The method by which trends were detected is described on p. 90. 
Questions in the displacement law test are given in full in 

Appendix A. 

Product-moment coefficients of correlation between scores on the two 
sets of three items range from 0.46 (grade 8 girls) to 0.68 (grade 

9 boys). 

To explain further, since 

verbal conservers = v.d.1 + v.d.1 + v.d.1 + red tly 


and displacement conservers = v.d.l + v.d.l tv.d.l + v.d.l 


verbal conservers - v.d.l - v.d.l - 
ved deetveda tl, 

therefore, if v.d.l = v.d.l = v.d.l1 = 0, 

displacement conservers = verbal conservers - v.d.l. 

Question 32 compares displacement levels for equal volume spheres of 

different weight, question 33 compares displacement levels for 

heavy small sphere and light large sphere, question 36 compares 


displacement levels for similar jars with different weights. 


Elkind's results appear in Table 13, p. 99. 
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CHAPTER V 


DISCUSSION 


A number of questions may be asked in relation to the results 
presented in Chapter IV. Why do so many subjects who conserve weight 
in simple transformations fail to conserve weight in more complex 
transformations like change of state? What relationship exists between 
the displacement law and volume conservation? How can the sex 
differences be explained? These questions will now be discussed in 
an attempt to characterise the development of quantity concepts beyond 


the age of 12 years. 


NONCONSERVATION OF WEIGHT IN COMPLEX TRANSFORMATIONS 


Although most subjects conserve weight in the simple 
transformations, many seem prepared to accept that weight might vary 
in the complex transformations in questions 12 through 15. In 
question 12, the transformation is the heating to redness of an 
aluminum bar, in 13, the melting of ice in a sealed plastic bag, in 14, 
the evaporation of a small amount of gasoline in a sealed metal can, 
and in 15, the partial burning of a crumpled piece of paper in a sealed 
glass jar. 

Table 6 (Chapter IV, p. 85) shows the proportions of subjects 
who conserve in these transformations. For groups of subjects of the 
same sex in the same grade, the proportions of subjects who believe 


weight changes in these transformations range from 17 per cent (grade 12 
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boys, question 12) to 82 per cent (grade 7 boys, question 14). Table 8 
(Chapter IV, p. 89) shows that generally boys give significantly more 
correct responses to questions 12 through 15 than do girls. 

Three explanations of failure to conserve in the complex 
transformations could be advanced: (a) that the questions are misleading 
or "tricky", (b) that subjects have logically (though not necessarily 
physically) sound reasons for their incorrect response, or (c) subjects 
have not coordinated weight, volume, and density concepts, and when 
they do not understand the transformation, they are forced to rely on the 
perceptual aspects of the situation. 

According to the first explanation, the questions are 
misleading because the subjects attention may be distracted away from 
the system of interest towards parts of the system, or towards 
irrelevant aspects of the situation. For instance in question 5 
(inversion of a conical flask) subjects might be distracted by the 
contents of the flask (air), and indeed some subjects’ written 
explanations refer to air or air pressure (see Appendix B). 

Generally however the reasons which subjects give for their responses 
are not of this type. Furthermore, two experimental precautions were 
taken. against) this kind of distraction occurring. First, the 
experimenter carefully cautioned subjects at the beginning of the test 
that there were "no tricks" and that many of the questions would be 
very easy. Second, the question was always asked in terms of what 
weight the balance would show. The system of interest was always 
returned to the balance platform as the final step in the demonstration, 


thus focusing attention on the system as a whole. 
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Even if this first exp] @vatiion were to be accepted, the 
matter of why the questions are misleading would not be resolved. 
According to the second explanation (that subjects have logically sound 
reasons for not conserving) failure in the complex transformations could 
be explained in terms of elementary physical misconceptions. For 
example, in question 12 (heating of a metal bar) subjects might ascribe 
the property of weight to heat. In 13 also (melting of ice) heat gain 
is involved. In 14 (evaporation of gasoline) subjects might respond 
incorrectly if they do not ascribe the property of weight to gases. In 
15 (burning of paper) all of the aspects of the previous transformations 
just mentioned are involved, complicated by the aspect of chemical change, 
a process which subjects may understand dimly, if at all. 

If heat gain is thought to be accompanied by weight gain, then 
subjects' reasons for incorrect response to question 12 (heating of 
metal bar) and 13 (melting of ice) might be expected to reflect this 
notion. In fact this is not the case. Of 18 reasons given by subjects 
for incorrect response to question 12, only four refer to heat changing 
the weight of the bar. No reasons given for incorrect response to 13 
refer to heat. In itself, heat is apparently not considered to be a 
factor by subjects. 

If an underlying factor in failure to conserve in question 14 
(evaporation of gasoline) is absence of the notion that gases have 
weight, then performance on question 14 might be expected to correlate 
with performance on question 16 (oxygen released from cylinder) or 
question 17 (football pumped up). Table 25 presents phi-coefficients 


of correlation of performance on question 14 with performance on 
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TABLE 25 
PHI-COEFFICIENTS OF CORRELATION BETWEEN PERFORMANCE ON 


QUESTION 14 WITH PERFORMANCE ON QUESTIONS 16 AND 17 


Grade Question 
16 17 N 
M (ie) M (F) M (F) 
7 702 (-.07) .08 (-.05) 107 oF. 
8 -.05 Cel) 202 (.22%*) 120 (108) 
) .06 Cc La) oa) ee 101 (106) 
10-12 26% (.24*) Af Raye Crrr) 141 (124) 


* p<0.05 
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questions 16 and 17. Only in senior high school are these coefficients 
significant. Moreover, for junior high school students who answer 
both 16 and 17 correctly, question 14 is found to be significantly 
more difficult than question 13 (melting of ice) (z = 2.7, p<0.01) 
when a z-test of significance of difference between correlated 
proportions is applied. Thus there is more involved in question 14 
than the notion that gases have weight. Apparently explanations of 
nonconservation in terms of physical misconceptions are not satisfactory. 
One physical aspect of question 13 (melting of ice) is 
represented in question 6 (setting of jelly)--that is change from 
solid to liquid or vice versa, but even if the difficulty of 
question 13 can be explained in terms of question 6, what makes 
question 6 difficult? In question 6 the change occurs inside a 
sealed container--"nothing gets in, nothing gets out."’ No transfer 
of heat is involved, no change of volume, and no change of shape. 
Subjects are asked to visualise the orange liquid in the sealed jar 
turn to a solid jelly. From 11 per cent (senior high boys) to 62 per 
cent (grade 7 girls) of subjects thought the weight would change. 
The reason may be that subjects do not understand the 
transformation, or in other words, they cannot construct a grouping 
of operations to represent the transformation. As a result, such 
subjects are forced to consider in isolation of the transformation the 
successive configurations--orange liquid and orange solid. As a class, 
solids are "heavier" than liquids, or press down harder on the hand. 
In an egocentric weight concept the balance platform is conceived of 


as an extension of the hand (Piaget & Inhelder, 1968, pp. 34-40). Thus 
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as long as the notion of weight depends upon concrete operational 
thinking, failure to understand (i.e. construct a grouping of operations 
for) a given transformation may result in regression to egocentric or 
perception-bound notions of weight. 

Question 7 affords another illustration of this kind of 
regression to perception-bound notions. In question 7 a wooden block 
is moved from the centre of the balance platform to overhang the edge. 
Again, from 16 per cent (senior high boys) to 62 per cent (grade 7 
girls) of subjects think the weight will change. In this case, it is 
unlikely that the actual weight of the block is thought to change. 
The transformation which subjects do not understand is a transformation 
of the balance-block system, not just a transformation of the block. 
Since students do not understand the mechanism of the balance, they may 
be forced to reby on intuitive representations of the successive 
configurations. These can be seen to be egocentric in nature. Subjects 
"feel" that the balance gives a "truer" weight if the object is placed 
in the centre of the platform. When hefting, the object is always 
placed firmly in the centre of the palm. Subjects "feel" that full 
contact of the lower surface of the block with the platform is 
necessary for the full weight to be registered. Only where surfaces 
touch is the weight "felt’’ to act. These types of reasoning can be 
found in subjects' written reasons for incorrect response bo question 7 
(Appendix B, pp.172-174 ). Of 18 reasons for incorrect response, only 
two refer to ideas of the balance as a level arm. 

It is proposed then, as the third explanation for nonconservation 


of weight in complex transformations, that when some subjects do not 
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understand the transformation they are forced to rely on intuitive 
notions which are usually perception-bound or egocentric. It is 
further proposed that the problem is endemic to Stage III or Substage 
IVA subjects (i.e. nonconservers or transitional conservers of volume), 
because a stage IVB subject (i.e. a necessary conserver of volume) has 
succeeded in correctly relating weight, volume, and density. For 
instance, in question 14 (evaporation of gasoline) perceptual factors 
are irrelevant for the subject who reasons that although the gasoline 
occupies a far greater volume, its density has decreased in inverse 
proportion to the volume, and thus the weight remains unchanged. 

If this proposition is sound--that weight conservation in the 
complex transformations is a less difficult problem for necessary 
conservers of volume than for other subjects--then it would be 
expected that performance on questions. 12 through 15 would correlate 
with performance on volume conservation tasks. Table 26 presents 
point-biserial coefficients of correlation between (a) performance on 
question 12 through 15, and (b) scores on the two three-item verbal 
tests of volume conservation (for rigid-body and plastic-body 
transformations). Most of these coefficients are significant, 
indicating that volume conservers are more likely than nonconservers 
to conserve weight in the complex transformations. 

As further evidence of a connection between (a) weight 


conservation in complex transformations and (b) volume conservation, a 
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TABLE 26 
PHI-COEFFICIENTS OF CORRELATION BETWEEN VOLUME CONSERVATION 
PERFORMANCE AND COMPLEX TRANSFORMATION WEIGHT 


CONSERVATION PERFORMANCE 


Grade Question 
N 12 13 14 (Es) 
M (F) M (F) M (F) M (F) M (F) 


RIGID-BODY TRANSFORMATIONS 


7 LOLe(99)0Ke. Lowe (e32*)er25%et 26%) msl iong<704) onl say (314) 
8 L20N(@08)) 223% 21) ees heel? ee H 5 06s eee Le 01) 
9 101 9:G.06)ue26in (@l2)) erseeitels) eab/ reel 5) 10 (-.04) 
10-12 141, (124) 43% (224%) 45% (.29%)) 740% (.30*) 9) 526% 7 (616) 
PLASTIC-BODY TRANSFORMATIONS 
7 LO7 G9 e520 298) eo ae at ues a9) OC mmo) 
8 L20):(1L08)0229% (634%) ee30%e(.22%)) £22% G=905)41.18*e Gal) 
gy 101) (106) 224514)" 404814) 19 CAG) 29% €=207) 
10-12 1619 (124). sol GLo) eGo ae lee, 20a eO) 24% (,18%*) 
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sex difference is found for both, whereas no sex difference is found for 
weight conservation in simple transformations. 

Of the three explanations advanced for nonconservation of 
weight in the complex transformations, the third seems to be most 
consistent with the evidence presented. To summarise the third 
explanation, subjects who have attained volume conservation and have 
established correct relationships among weight, volume, and density 
may have no difficulty conserving weight in the complex transformations. 
For such subjects, volume changes may be coordinated with density 
changes. Subjects who have not attained volume conservation may have 
to rely on the construction of a grouping of .concrete operations for a 
given transformation. If such a grouping cannot readily be 
constructed (i.e. if the transformation is difficult to understand), 
these subjects may be consequently forced to rely on the perceptual 
aspects of the successive configurations, and thus may fail to conserve 


weight. 


VOLUME CONSERVATION AND THE DISPLACEMENT LAW 


Sex differences were found in both attainment of volume 
conservation and understanding of the displacement law. An immediate 
question is how are these two sex differences related, or more 
fundamentally, how are volume conservation and the displacement law 
related? Since the sex difference in the displacement law appears to 
be greater than in volume conservation, the displacement law may be 


the more basic concept. On the other hand, Table 27 indicates that 
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TABLE 27 
CONTINGENCY TABLES OF DISPLACEMENT LAW UNDERSTANDING AGAINST 


VOLUME CONSERVATION, JUNIOR HIGH 


Displacement Law 


0-4 2-6 
Boys 
Nonconservers 50 46* 
Conservers 47* 185 
Girls 
Nonconservers 108 37%* 
Conservers 103% 65 
F Total 
Nonconservers 158 83%* 
Conservers 150* 250 


* cells of interest 
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more subjects conserve volume without understanding the displacement 
law than vice versa. Table 27 is a 2 x 2 contingency table for 

junior high school students with understanding of the displacement law 
as one variable, volume conservation attainment as the other. The 
cells of interest are marked with asterisks. About twice as many 
subjects conserve volume without understanding the displacement law 

as understand the law without conserving volume. For boys separately, 
there are nearly equal numbers of subjects (about 15 per cent) in each 
category, but for girls separately, there are 33 per cent of subjects 
who conserve volume without the displacement law compared with 12 per 
cent of nonconservers with the law. 

Hence the following propositions are advanced: 

(a) For secondary school students, discovery of the displacement 
law leads almost automatically to volume conservation. 

(b) The sex difference in volume conservation can be related to 
the sex difference in the displacement law. 

According to Piaget (Piaget & Inhelder, 1968, Ch. VIII), the 
first step in discovery of the displacement law is dissociation of 
volume from the other properties of the body. Consider a subject who 
has acquired the prerequisite factors for volume conservation--weight 
conservation, notions of continuity, and the proportionality scheme. 
For such a subject, volume conservation may follow quickly upon 
dissociation of the volume property from weight and from the other 
properties of a body. Thus discovery or learning of the displacement 
law might precipitate for this subject the acquisition of volume 


conservation. Evidence that this precipitation may occur is provided by 
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the Vinh-Bang-Inhelder experiment (intfer dea) 96S pple: Wiagets & 
Inhelder, 1968, p. xviii) referred to above (p. 39 ), in which 12-year- 
old subjects rapidly acquired volume conservation in successive trials 
of prediction, demonstration, and explanation of displacement levels. 
If it is assumed that the prerequisite notions to volume conservation 
are attained by the age of 13, then for secondary school students, 
discovery of the displacement law may be a precipitating factor in the 
acquisition of conservation of volume. Many of the girls who do 
establish volume conservation do so, as Table 27 indicates, without 
first establishing the displacement law. To establish volume 
conservation in this way might be less likely or possibly more 
intellectually demanding than to establish volume conservation with the 
facilitation provided by discovery of the displacement law. Thus the 
sex difference in volume conservation attainment may be traced to the 
sex difference in the displacement law, and this in turn may be simply 
explained in terms of differences between boys' and girls' day-to-day 


experiences. 


SUMMARY 


The conclusions reached in the preceding discussions will now 
be summarised. The summary may be taken to represent a list of the 
characteristics of the various states of development of physical 
quantity displayed by secondary school students. 

1. The period from grades 7 through 12 seems to be the time 


when for most students a quantified concept of volume is acquired. Though 
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some students have already see ee ee volume concept by the end of 
grade 7, some have not acquired it by the end of grade 12. 

2. Acquisition of a quantified concept of volume appears to be 
accompanied by (a) achievement of notions that matter consists of 
particles of invariant weight and volume, and (b) establishment of 
correct relationships between weight, volume, and density. 

3. Discovery of the law of displacement of liquids may 
facilitate the acquisition of volume conservation without constituting 
a necessary prerequisite. 

4, Subjects who may normally be classed as conservers of 
weight but nonconservers of volume may fail to conserve weight in a 
complex transformation like change of state, through being unable 
to construct a grouping of operations. Subjects who conserve volume 
may, through coordinating changes in volume and density, be able to 
conserve weight more readily in the complex transformation. That is 
to say, for these subjects, the perceptually misleading aspects of 
the situation may be irrelevant. 

5. Possibly because of differences in experience, far fewer 
girls than boys have established the law of displacement at any stage 
in secondary school. A lesser sex difference in volume conservation 
may thus be a reflection of the sex difference in acquisition of the 
displacement law. This sex difference in volume conservation may in 
turn explain a sex difference in conservation of weight in complex 
transformations. 

The results of the present experiment indicate that if the 


existence of a system of correctly related concepts of weight, volume, 
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and density can be inferred from the presence of volume conservation, 
then the proportions of students at grade 9 level who have established 
such a system probably lies between 20 and 70 per cent of girls, and 
between 70 and 80 per cent of boys (depending on the criteria of 


il 
conservation employed). 
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FOOTNOTES - CHAPTER V 


The lower percentage is based on the criterion of "complete 
conservation" described in Chapter IV (p. 109). It applies to 
subjects who understand the displacement law and conserve volume. 
The higher percentage is based on the criterion of correct response 
to at least two of the three plastic-body transformation verbal 


tests of volume conservation. 


CHAPTER VI 


SUMMARY AND IMPLICATIONS 


In this final chapter, a summary of the study is presented, 


followed by a discussion of the implications of the study for (a) science 


curriculum in secondary schools, (b) methodology of volume conservation 


testing, and (c) further research. 


SUMMARY 


The study sought to determine levels of acquisition of concepts 
of weight and volume in secondary school students, and to relate these 
levels to grade, sex, science achievement, and methodology of testing. 
A total of 906 students in grades 7 through 12 were tested in a normal 
classroom setting. 

The test consisted of four parts--(a) a set of 18 weight- 
conservation questions involving simple transformations like change of 
shape, and complex transformations like change of state, (b) a set of 
12 volume-conservation questions involving two kinds of transformation 
and two kinds of question, (c) a set of eight displacement-law questions 
to test subjects' understanding of the phenomenon of displacement of 
fluids, and (d) a set of eight atomistic-schemes questions, to test 
aspects of subjects" particulate representations of volume changes. 
Except for the atomistic schemes questions which formed a written test, 
the questions were administered orally with demonstrations. 


The findings of the experiment may be summarised as follows: 
143 
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1. For about ten to twenty per cent of students, the concept 
of weight develops during the junior high school grades. 

2. Many students who conserve weight in simple transformations 
like change of shape do not conserve in complex transformations like 
change of state. 

3. For about 40 to 50 per cent of boys and about 20 to 30 
per cent of girls, the concept of volume develops during secondary 
school grades, while for about 20 to 30 per cent of girls, the concept 
of volume has not developed by grade 12. 

4. In grade 7, about 30 per cent of girls and about 60 per 
cent of boys respond correctly to more than half of the items on the 
displacement law test. By grade 12 virtually all boys but only about 
50 per cent of girls attain this level of understanding of the 
displacement law (more than half of the items correct). 

5. The proportion of volume conservers found in a given test 
depends on the transformation used in the test, and on whether the 
question is asked verbally or in terms of displaced levels of water. 

6. Performance on the 18-item weight-conservation test 
correlates significantly with science achievement. Girls who score 
below the median on the weight-conservation test are more likely to 
score below the median on science achievement than above. 

7. Significant positive correlations exist between acquisition 


of volume conservation and performance on the atomistic schemes test. 
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IMPLICATIONS FOR SCIENCE CURRICULUM 


Quantification is a major aspect of science. The logical 
necessity which accompanies conservation seems to obliterate all 
recollection of the crude notions which precede its acquisition. Thus 
for the scientist or teacher, difficulties which might accompany notions 
of physical quantity in secondary school students may be hard to 
understand. These difficulties may be better understood if a sequence 
of development of physical quantity concepts can be described. 

Moreover, if learning is more than the registration of 
successive empirical events experienced first-hand or vicariously; 
if learning involves interaction between experience and developing 
thought structures, then the restrictions placed by each of these two 
upon the other have to be taken into account in the development of 
science curricula. The experiences which the science teacher may 
arrange for his students may not necessarily induce the conceptual 
learning which he anticipates. To illustrate, explicit teaching about 
the particulate nature of matter may be less effective in achieving its 
purpose than experience in measuring quantity, since the concept of 
particulate matter may develop spontaneously as the invariance of 
physical quantity in transformations becomes established. 

In more specific terms, implications of the findings of this 
study for science teaching am curriculum include the following: 

1. Quantity concepts appear to be appropriate items of 
curriculum content in junior high school. 


2. It may not be assumed that terms like "mass", "weight", 
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"volume", "density", etc. have clear or distinct meaning for students 
in secondary school. Careful, precise, and frequent use of such terms 
in science teaching may assist the student to differentiate the 
associated concepts one from another. 

3. Practice in weighing and measuring volume by displacement 
may assist some students to acquire a quantified volume concept and 
hence weight-volume- density relationships. 

4. Evidence that subjects can spontaneously acquire atomistic 
schemes in acquiring quantified volume indicates that kinetic-molecular 
concepts might be established in conjunction with necessary 
conservation of weight in change-of-state or chemical-change 
transformations. 

5. Since conservation necessarily accompanies acquisition of 
quantification of weight or volume, concepts of conservation of other 
physical quantities like velocity, momentum, or energy might 
necessarily accompany their quantification. Such conservation laws 
are not and cannot be empirical laws, but follow as logical necessity 
upon the understanding of fundamental changes or interactions of 
matter. For instance, an appropriate approach to the concepts of 
energy and its conservation might be for students to quantify or 
measure energy in various forms. 

6. If the sex differences found in the present experiment 
have been correctly related to differences in boys' and girls' 
experiences, girls' science achievement may be improved by means of 
confrontation with appropriate experience. Of course the problem is 


probably not so simple, and may involve interest, attitude, motivation, 


<a att § Es 


amo? dave aie ontooea . sinew ’ 
ais stessansy1}ih of Snobusa ofa 2elees em gato | 
-sodson #8 sso sagsanes bosutsene 

Jnosusseigeib yd smuloy grityus bom io hit det nt sobionsd a + - 7 - 
ime dqssroo smulov belkfansup B de gache o7 esnabude amos saaenn yor 7 : 
.egidenotielox yttensh -sautove arigkow aoe 

gtaetmotea ettupos yvleuoenésnoge mao eJoo{ dus jeda sonsbtva .4 =~ a 
rsluselom-stiohid Jedd eeseotbat emulor bet riaanup! gibt bupee nt nsuprion a 
yrneadsoon. ditw molaanutaoo mt bodelidnsas od adatm e3qs0q09 - 


sqnitio= [uatnana to B4eterto-egnela nt Ihalew to nglanvsgemod - 


to noktiebupos estesqmosze ylitseeasst noisevasenoa Sanle .¢ 


+? 

yerlijo io moidavisenos Yo atdsor0> yomulov to tfgtsw Te ito) 269 F223 Up . y, 

digit varene 10 ynusnerom \«Vilsofsy ov ht eeldtanaup Teoxeyiig . 

ewes moltevisenoos dave nib £469) eInabp tied Yaeqmeoss \ittsewssen as 

Yiieesson [eotgol es wollot aid , aust teats tame, 94 jonn#o bos beg om 7 
Yo anoltze793nt yo asqnedo Ledinomebaut to gatbastersbay ods ange . 7 

YO aaqsanos afd O43 daroigqgs sinixgoxsqqs me sone tent 101 39336m 


, 
xo ytiiqnup od etnshude 103 ad ddpim noljevesenoo 831 bas avon 7 
amrot “—o ni ygrens oruesem . 


ipo 


Inamizeqxs Jnoesyq sil9 nt braved aoaneze23 tb xue of9 2E 48 


‘efatg bas ‘2yod ni honey, ee ‘oe eigoertes need ; i 
to emsem yd bayoxqmi od yum Jom: . . 


. . ofan Pa A a wy wa 


147 


etc. 


IMPLICATIONS FOR METHODOLOGY OF VOLUME CONSERVATION TESTING 


In the review of the literature in Chapter II, a number of 
different approaches to volume conservation testing were discussed, 
and it has been demonstrated in the present experiment that the type 
of transformation used, the type of question asked, and the criteria 
of conservation adopted, all affectthe level of conservation found 
in a given experiment. Evidence has also been reported (p. 39 ) 
(Inhelder, 1968; Piaget & Inhelder, 1968) that 12-year-old subjects 
can quickly acquire volume conservation when given appropriate 
experience. Thus volume conservation testing is a difficult process, 
reflecting the difficulty and abstract nature of the volume concept 
itself. Specific implications for volume conservation testing, and 
also for interpretation of volume conservation experiments, may be 
summarised as follows: 

1. Since transitional conservers find some transformations 
more difficult than others, volume conservation testing should involve 
a number of transformations. 

2. Since terms like "volume” may have no definite meaning for 
subjects, and since many subjects do not understand the phenomenon 
of displacement of fluids, volume conservation testing should include 
specific questions about amount of space or room occupied. 

3. An objective operational measure (displacement of water 


levels) should be used in addition to references to space or room 
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occupied, in case subjects are led to answer only in terms of perceptual 
notions of volume. 

4. Subjects need not be required to give correct verbal 
explanations of conservation responses in order to be classified as 
conservers, because explanations may represent overly restrictive 
criteria. 

5. If actual demonstration of displacement levels is not 
performed before or during the experiment, the test may detect all 
subjects who do not conserve instead of just those who cannot conserve. 
The latter category includes only those subjects who lack the 
prerequisite factors to volume conservation. For some subjects who do 
not conserve, recognition that volume is the causative factor in 
displacement of water levels may precipitate acquisition of volume 


conservation. 


IMPLICATIONS FOR: FURTHER RESEARCH 


The present findings in relation to volume conservation testing 
indicate that many of the studies reviewed in Chapter II might well be 
repeated with changes in methodology. Unanswered questions relate to 
(a) the mode of acquisition of volume conservation, (b) levels of 
acquisition of other physical quantity concepts (momentum, energy, etc.) 
and (c) relationships between physical quantity and atomistic schemes. 

More specifically, possible research activities include the 


following: 


1. normative studies of volume conservation using carefully 
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devised testing procedures; 

2. further studies of relationships among volume, other 
physical quantities, and nature of curriculum experience, etc.; 

3. determination of levels of acquisition of physical 
quantities like velocity, energy, etc.; 

4. determination of sex differences in formal operational 
concepts other than volume; 

J. Anvestigation, of the possibility that extent of increase 
of surface area may be an important factor in determining the 
difficulty of volume conservation transformations; 

6. examination of the roles in acquisition of volume 
conservation of concepts of continuity, relations between volume and 
boundary surfaces, atomistic schemes, and the proportionality scheme; 
and 

7. construction and testing of learning hierarchies for 


acquisition of volume conservation. 
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APPENDIX A 


APPENDIX A 


TEST ITEMS 


The 46 test items are described below. For the conservation 
items, initial and final configurations are specified, and the 
transformation described. For the displacement law test, the 
configurations of which displacement levels were compared are specified. 
For the atomistic schemes test, actual questions are reproduced. 


Weight Conservation 


1. A cylinder of clay approximately 12 cm. long, 2 cm. diameter 
(initial configuration) was broken into five or six pieces (final 
configuration). 


2. A prism of clay, 17 cm. long, 1 cm. square cross section 
(initial configuration) was formed into a ring by joining its ends 
(final configuration). 


3. A metal stand, 25 cm. in height, with a circular base, 
diameter 11.5 cm., had a right-angle clamp holder resting at the 
bottom (initial configuration). The clamp holder was raised to the 
top of the stand and clamped (final configuration). 


4, A 400 ml. flask contained about 50 ml. of syrup and a 
glass stirring rod (initial configuration). About 50 ml. of water 
was added, and the mixture stirred. The flask plus mixture plus 
stirring rod formed the final configuration. 


5. A 300 ml. conical pyrex flask was placed on the balance 
platform (initial configuration). It was turned upside down (final 
configuration). 


6. An 8 oz. glass jar almost full of orange fluid and fitted 
with a metal screw cap formed the initial configuration. Ss were told 
that the liquid was a solution of orange jelly crystals, and were asked 
to imagine that it was allowed to set until "hard," nothing getting 
into or out of the jar. The jar containing orange jelly formed the 
final configuration. 


7. A wooden cylinder, length 3.9 cm., diameter 5.0 cm. was 
placed base down on the centre of the balance platform. (initial 
configuration). It was moved away from, and in a perpendicular 
direction to, the central knife edge, to overhang the balance platform 
by almost half its own diameter (final configuration). 


8. Two cotton wool balls were placed on the balance platform 
(initial configuration). One was removed, and the other increased in 
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volume by a factor of about two (final configuration). 


9. An 8 oz. glass jar, fitted with a metal screw cap, was full 
of cotton wool (initial configuration). The cap was removed, the cotton 
wool packed down to about half its original size, and the cap replaced 
(final configuration). 


10. A styrofoam sphere, diameter 4 cm. (initial configuration) 
was squeezed to a disk about 4 cm. diameter, 1 cm. thick (final 
configuration). 


11. An 8 oz. glass jar, fitted with a metal screw cap, 
was about one-quarter full of sand (initial configuration). The lid 
was removed, a small amount (about 20 ml.) of sand was added, and the 
cap replaced (final configuration). 


12. A bar of aluminum, 40 cm. long, diameter 1.5 cm., was 
placed on the balance platform (initial configuration). Ss were asked 
to imagine that it was heated to redness (transformation simulated) 
and returned to the balance platform while red hot (final configuration). 


13. A plastic bag containing about 400 g. of ice cubes was 
placed on the balance platform. Ss were told that the bag was sealed 
so that nothing could get in, nothing could get out, and were asked to 
imagine that the ice was allowed to melt, and the bag of water placed 
back on the balance platform (final configuration). 


14. Ss were shown a flat-sided metal can 9 cm. x 13 cm. x 19 cm. 
containing a small amount of liquid ostensibly gasoline (initial 
configuration). Ss were asked to imagine that the can was left "in the 
sun" until the gasoline had evaporated, but that nothing could get in or 
out of the can. In the final configuration, no liquid could be heard 
to rattle in the can. 


15. Ss were shown a 32 oz. glass jar fitted with a metal screw 
cap, and containing a crumpled piece of charred paper (initial 
configuration). Ss were asked to imagine that the paper was ignited 
by means of focusing the sun's radiation with a hand lens, so that the 
paper would burn for a short while although nothing could get in or out 
of the jar. The sealed jar containing partially burned paper formed 
the final configuration. 


16. <A steel lecture bottle of oxygen was placed on the balance 
platform (initial configuration). The cock was opened so Ss could hear 
the release of oxygen. Ss were asked to imagine that the cock was left 
open until "no more oxygen came out," and the empty cylinder returned 
to the balance platform (final configuration). 


17. Subjects were shown a football partly inflated (initial 
configuration) and asked to compare its weight in this form with its 
weight when "pumped up hard"! without its shape or size being altered 
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(final configuration). 


18. Ss were shown an alcohol burner visibly near full of fuel 
(initial configuration). Ss were asked what would happen to the level 
of fuel if the burner were lit. Their reply that the fuel level would 
go down was confirmed. Ss were asked to imagine that the burner was 
lit, allowed to burn for half an hour, extinguished, and returned to 
the balance platform (final configuration). 


Volume Conservation 


The standard form of the volume conservation questions will 
now be described. The configuration and transformations in each question 
were specified in fable 28. pa lol: 


In each odd-numbered question, subjects were shown a body in 
the initial configuration (e.g. ball of clay) and an identical 
comparison body. E said "This (ball) has a certain volume--it takes 
up a certain amount of room. If I do this (roll the ball out into a 
sausage) Does it now have a bigger volume, a smaller volume, or the 
same? Does it now take up more room, less room, or the same?" 


In each even-numbered question, subjects were shown the initial 
and final configurations from the previous even-numbered question. E 
said "When it was like this (initial configuration) if I place it in 
the water the level will rise. Now that it's like this (final 
configuration) will the level rise more, will it rise less, or will 
it rise the same?" 


Displacement Law 


An object was immersed in a container of water in each of the 
displacement law questions. The level of water was noted, and a 
second object shown to Ss. The question asked was "If I put this (the 
second object) in the water, will the level rise more, will it rise 
less, or will it rise the same?" The first and second objects were 
specified in Chapter III (p. 76). 


Atomistic Schemes 
The written test was as follows: 
This test starts at #39 
PLACE A MARK ON THE ANSWER SHEET FOR WHAT YOU THINK IS THE BEST ALTERNATIVE 
39. When a metal bar is heated, it expands. An explanation is 


A. The metal stretches because it gets soft 
B. Particles of metal increase in size 
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Figure 3 


Hinged blocks used in question pair 19-20. 
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Figure 4 


Lead foil roll used in question pair 21-22. 
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C. Particles of metal move apart 
D. Air spaces in the metal expand with the heat. 


When a thermometer is warmed, the liquid inside goes up 


A. The heat gets into the liquid and makes it rise 
B. The liquid is formed of small drops which expand 
C. The liquid molecules soften 

D. The molecules of liquid move apart from one another. 


A grain of corn is "popped," increasing the size. 


A. Small particles of corn inside blow up 
B. Molecules of corn get further apart 

C. Molecules of corn expand 
D ihe grain’ £ilisawitheneat, 


A ball of modelling clay is flattened into a pancake. 


A. Molecules of clay are flattened out 

B. The particles of clay change their positions 
C. Clay molecules decrease in size 

D Clay particles form discs. 


A solid rubber ball is squeezed flat under a heavy weight. 


The rubber molecules move into different positions 
. All air is squeezed out of the rubber 

Particles of rubber become smaller 

Rubber molecules flatten out. 
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When sugar forms a solution with water 


The sugar forms a layer at the bottom 

Sugar molecules break up into smaller particles 
The sugar melts 

Sugar molecules mix in with the water. 


ood 


Liquids expand when heated because: 


A The distance between molecules increases 

B. The heat causes some of the liquid to evaporate 
C. Heat makes molecules rise 

D. The molecules increase in size. 


When the liquid in a thermometer goes down on a cold day 


. Small droplets in the liquid become harder and smaller 
Liquid molecules contract in size 

The liquid molecules move closer together 

The liquid shrinks to retain its warmth. 
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APPENDIX B 


APPENDIX B 


SUBJECTS' WRITTEN EXPLANATIONS 


A selection follows of subjects' written explanations of responses 


to conservation and displacement law questions. All explanations are 


given for incorrect response. Explanations for correct response are 
usually nearly identical, and are given in full only for questions 3 


through 7, and 20. A letter code is given representing subjects' 


responses to the item (A = more, B = less, C = the same). 


Question 3; Weight conservation--clamp raised on metal stand. Correct 
response = C 


Grade 7. 


1. (GC) No®maiss is*tost* 
2. (C) From watching the scale I could see that it didn't move when the 
handle was touched. 
3. (C) It weighs more because the clamp is sort of push more weight down. 
4. (B) I think it will weight less when the thing is at the top because 
there will be less weight on the scale. 

(B) It might of had air trapped in it when it was down. 

(C) It weighs more because it has air pushing on it. 

7. (A) I think it weighs more because when the man put up the clamp 
it goes higher and pushes down on the scale. 

8. (C) I think it weighs the same because all you did was move the 
clamp. You did not add anything or take away anything. 

9. (C) It weighs the same because nothing is given or taken away. 

10. (C) I think it weighs the same because you are not taking anything 
off the scale or putting anything more on the scale. 

11. (C) It weighs the same because no weight is lost or gained. 

12. (C) Because nothing is gained or lost. 

13. (C) I think it weighs the same because nothing is added and nothing 
is taken away. 

14. (C) I don't think that a thing (objects) change weight because of 
you moving it up or down. 

15. (C) It weighs the same because nothing was removed from the stand 
and nothing was added and it doesn't matter what position the 
clamp is in. 
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16. (C) I think that it weighs the same because in the first step every 
thing was on the stand and in the second step it was just moved 
higher. 

17. (C) It -has not changed in form. e.g. (fire to ashes). 


Grades 7-8. 


— 
e 


(C) Only if you take the clamp off with it way different. 
2. (B) It weighed less when it was at the top because it's weight 
grew lighter as it lifted. 
3. (A) It was more because it was farther back than it was at first. 
4. (A) The clamp is tightened on the top of the bar, therefore at its 
highest weight possible. At the bottom it was just lying 
loosely, at the top pressure was applied. 
5. (C) Because the clamp weighs the same but you are just moving its 
position. 
6. (C) It was the same because there was no more or less weight added 
or taken. 
7. (C) Because no matter what shape it is if you don't take anything 
off or put anything on it should be the same. 
8. (C) It was the same because it wouldn't change because you moved the 
clamp up. 
9. (C) I think it was the same because nothing was taken out of it 
or more put into it it was just changed in looks. 
10. (C) I think it would be the same because its still is in one piece, 
and wherever you moved the clamp it would be the same. 
11. (C) It was the same weight because all you did was moved it around 
and you never removed anything. 
12. (C) It was the same because there was still the same amount on the 
scale. 
13. (C) It would be the same because you still have the clamp on the 
stand. 
14. (C) I thought it was the same because you didn't take anything off. 
15. (C) It would remain the same because it won't weight any more whether 
it is at the top or bottom. It still has the same weight. 
16. (C) I think it weighs the same because you are using the same thing. 
The only thing different is the thing moved to the top. 
17. (C) The same thing was put on. But it was made round. 
18. (C) I think it would be the same because you had the same amount of 
clay. 
19. (A) I think it would be more because when the clay curls. 
20. (B) When you join the ends the molecule in the plasticene join 
together. 


Question 4: Weight conservation--water added to syrup in beaker. 
Correct response = A, 


Grade 9. 


1. (B) The syrup was.stirred around, and the sugar dissolved and sugar 
weighs more than water. 
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It would weigh the same because you had mixed the water and 
sytes it think it will the same. 

It weighs the same because all the change is that the syrup 

was loosened instead of staying in one blob. It is the same. 

I think it weighs the same because when the water was added to 
the syrup it weighed the same as when you stirred it it also 
weighed the same. 

It is because when they were alone they lost a little from the 
temperature of the classroom. 

The syrup was heavy - it came out slow, and the water diluted it, 
making it lighter - and water weighs hardly anything the amount 
that was poured in. 

I think it will weigh the same because the water and syrup are 
still weighed sometime together so if you weigh them both together 
after it will be the same. 

I think it weighs same because of the water added syrup becomes 
watery. 

I think it weighs less because syrup is very heavy by itself, 
or with water on top. But mixed together evenly it is 
enlightened-somehow. 

I think C because it all weighs the same so the weight will 
stay the same. When you stirred it up it will still be the same 
weight. 

Because there is acually no change in the syrup and the water 
doesn't weigh hardly any. 

The beaker weighed the same when you mixed the water and syrup 
together because the syrup was thick and weighed a little bit. 
When you mixed the two together the syrup became runnier and 
weighed less, but with the water in it it weighed about the 
same. 

I think it weighs the same because it had the same amount of 
solution in it. 

The syrup weighed less because it was diluted in the water and 
most of the sugar desolved. 

When you mix things up you are breaking the chemicals in it down 
so it will have more chemicals in it. 

The syrup, as you stir it got heavier because with the water in 
there it softened up. 

It weighs less because the product is thinner. When it is 
thicker teis® heavien. 

I say it weighs less because you've broken down the syrup with 
water and its thinner. 

I think it weighs less because when you mix the water it gets 
runnier and so it gets lighter. 

It is the same because it is the same amount by itself or 
together. 

Water has weight to it and when you add the water it makes the 
beaker heavier. 

The syrup and water that was mixed in the beaker made the 
molecules of water expand into the air. 

I think it will weigh more because after you stirred it, it got 
all mixed together so it would be heavier. 
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24. (A) It weighs more because you added a little water and the water 
had to have some weight. 

25. (A) I think it ways more because you added the water to it. 

26. (A) I think it weighs more because you have added water to the syrup 
and water weighs something. 

27. (A) It would weigh more because when you add something to something 
else its going to get heavy. 

28. (A) I think it weighs more because you added some water to the 
syrup. The water has weight so it must be heavier. 

29. (A) You added water to the syrup. 

30. (A) Because water was added to the syrup and caused it to weigh 
more. 

31. (A) It will weigh more because you added the syrup and water. 

32. (A) It weighs more because you added water and water weighs something. 

33. (A) I think it weighs more because when you added the water it 
weighed more than just the syrup in the jar. 

34. (A) It weighs more because water is a heavy liquid. 

35. (A) It weighs more because you added water and water has weight. 

36. (A) I think it weighs more because of the added water. The water 
weighs something and is added to the mixture already in the 
beaker. 

37. (A) The water makes the syrup heavier and just adds weight. 

38. (A) Before it had no liquid in it and the syrup is heavy then 
you added some water which would make it heavy. 

39. (A) First you added syrup then water so it should weigh more. 

40. (A) It weighs more because the syrup and water will add some weight 
tout ete} .ar: 

41. (A) I think it weighs more because when you add water you put more 
weight in the jar. 

42. (A) It weighs more because you added water and water weighs a few 
ounces and sometimes even more. 

43. (A) It weighs more because you have added something to the 
container so there is more there to weigh. 

44. (A) It weighs more because water is quite heavy and so is syrup. 

So when mixed you have more substance in the beaker and it will 
also weigh more. 

45. (A). I think the mixture weighs more because water has some weight 
to it and when you mix it with the syrup that water makes the 
mixture heavier. 

46. (A) It weighs more because you added water to the syrup. 


Question 5: Weight conservation--conical flask inverted. Correct response = 
Ce 


Gradem/s 


1. (C) It would weigh the same because there is no change in the glass. 
2. (C) Because it is no different which way it is put on the scale. 

3, (C) Becauseritrist*nordifierent project. 

4. (C) It weighs the same because there is the object. 
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I think its the same because no matter how you put it it should 
have the same weight. 

Because the force of gravity is the same if it's upside down 
Oreit its ixrtent sidecup. 

I think its the same because an object is the same weight standing 
up or upside down. 

It is the same because nothing has been added or taken away. 

it has just been turned around. 

It would not make no different. 

I think it was the same because it still was the same shape. 

I think it weighed the same because it has no more weight in it 
and the volume is the same. 

It just weighs the same because it makes no difference which way 
Lt is. 

The weight will not change, just because the flask is turned 
upside down. 

It should be the same because there was nothing added and it 
shouldn't make any difference in what way its standing. 

It shouldn't make any difference how it's set on the scale - 

it still should weigh the same. 

It's the same weight because there is nothing added or subtracted. 
It will be same as if the bottom on the sample, the top on the 
sample will be the same. 

It wouldn't change because it didn't change in width or length. 
If you turned it over it would weight the same because its the 
same weight. 

Its the same thing because its all there nothing was taken or 
added. 

It the same because it does change it water size or volume it 
the same. 

It weighs less because when the jar was right side up the weight 
was at the bottom. When the jar was upside down the weight at 
the top. 

When you put more water in it it gets heavier. 

I think it will weigh more because when it is sitting fat it 
weighs a little. When you sat it upside down graphity pulls the 
weight down. 

There is more air pressure on it so it would matter which way 
its weighed. 

I think it would weigh a little more because of the air caught 
in the flask. 


Question 6: Weight conservation--orange liquid turns to jelly. Correct 


Grade 8. 
Tema(C) 


2 (B) 


response = C, 


I think it would weigh the same because it would first get hard 
and the weight wouldn't change. 

When it was just sitting there was still water in it so it was 
heavier but when it all sets it forms sort of a jelly and the 
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jelly is lighter than the water. 

Less because when the jello hardens water with the chry stays 
in it are heavier. 

When the jello set it should way the same because nothing was 
added and nothing was taken away. 

If nothing can get in or out it can't change. 

Nothing is added or removed. 

Because the led is on the jar and no matter if it thick wet 

it will be the same. 

Because the lid is closed tightly and nothing can get in or out, 
that's why its the same. 
Nothing gets in, nothing gets out so the weight stays the same. 
Because whatever that is put into a jar nothing comes out and 
if nothing is added it should be the same. 

If nothing can get in and nothing out the contents will be the 
same no matter what change takes place. 

The weight of the liquid would be the same as the solid because 
nothing could get into it so the weight wouldn't change. 

It would weight the same because it wouldn't change because it 
wouldn't just change because it hardened. 

The jelly liquid will weigh the same because nothing can go in and 
nothing can go out therefore when it hardens it will be the 
same. 

It will be the same because nothing is added and nothing is 
taken away. 

It will way the same because no more got in nor out it will 
weight the same as before. 

If nothing can get in or out it must weighthe same because 
there is some amount of matter. 

It is going to be strall it. 

It would weigh the same because nothing could get in or out of 
the; jar. 

It is going to be less. 

Its going to weigh more because it will be solid and kind of 
compressed. 

It will weigh more because it will be hardened and a jelly form 
will weigh more than a liquid form. 

The jelly will turn hard and weigh more. Solids are heavier than 
liquids. 

Because it still has the same amount of stuff in. 

All the same elements are in the jar so it is still the same 
weight. 

The contents in the jar will still be the same amount so the 
weight is the same. 

The jar should weigh the same because when it is jelly has the 
same material in it. 

It does not matter if it is a liquid or a solid it will still 
weigh the same, 
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Question 7; Weight conservation--object moved to edge of balance 
platform. Correct response.= C. 


Grade 11. 


1. (C) It will be the same because it doesn't matter were you put it 
on the scale. It will weigh the same as long as its on the 
scale. 

2. (C) It will be the same because the majority of the weight is resting 
on the scale. 

All the weight is still on the scale only on a smaller area or 
POEtTOnNsoOr +16. 

3. (C) The scale weighs an object the same no matter where it is 
Situated on it. 

4. (C) It would be the same because it should weigh the same no matter 
where you put it on the scale. It shouldn't change weight if 
you move it or turn it another way. 

5. (C) Because no matter where it is sitting on the platform of the 
scale it should always weigh the same because nothing has been 
added or taken away. 

6. (C) It will be the same because the size, shape and volume of the 
wood does not change, just the position of the wood on the 
scale changes. 

7. (C) Its the same because by moving it its weight was not changed. 
The scale weighs an object the same no matter what part of 
the scale its on. 

8. (C) The weight will be the same as before because the scale weighs 
things the same and all parts of the scale, and the block of 
wood didn't change. 

9. (C) It doesn't gain any weight. 

10. (C) The block wasn't displaced so the weight would be the same. 

11. (C) It will be the same because it is the same block and does not 
make no difference where it is set on the scale. 

12. (C) The weight will stay the same but the accuracy of the scale 
may be different depending on where the object is situated. 

13. (B) I think it will be less because the scale does not weigh 
as accurately if the object is overlaping the edge of the 
scale. 

14. (B) Because not all of the weight is placed on the scale. When it 
was placed in the center all of the weight was on the scale. 

15. (B) Because if the weight is not in the middle, it will not be the 
correct measure. So it has to weigh less. 

16. (B) Because if the article is not in the center it will weigh less 
thanvif elt wasein- the center. 

17. (B) Less because half the weight of the block is off the scale. 

18. (B) It will be less because the weight is more accurate in the 
center of the balance, and the edge will not give the true 
weight. It will be lighter because the object isn't completely 
on the balance. 

19. (B) It would be less as the centre of the scale gives you the 
accurate weight. Move the block to the side and it will weigh 


less. 
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20. (A) Because the leverage is greater, the farther out the block is. 


Grade 8. 


1. (C) It pushes down the same no matter where it is placed on the scale. 
2. (C) I thought it was the same because the scale is balanced so it 

does not matter if the material is on the outside or middle of 

the scale. 
3. (C) The piece of wood is still on the scale whether it's on the side 

or the middle. 
4. (C) Because it has the same weight is that it is sitting more on 

the weight. 

(C) I think it is the same because the wood is still on the balance. 
(C) I think it would be the same because the weights the same. 

7. (C) The weight of the same article should be the same regardless 
of where it is placed on the scale. 

8. (C) Because it shouldn't make any difference in the weight no matter 
where you put it or no scale would be exact and therefore all 
scales would be useless. 

9. (C) It is the same in size therefore it should weigh the same no 
matter where it is set on the balance. 

10. (C) It doesn't matter where you put the piece of wood on the 
scale it will weighthe same. 

11. (C) I think it weighed the same because when you move it around 
in any place the weight will be the same. 

12. (C) Because when you moved the block over the weight of it was the 
same because the block has the same weight all through it. 

13. (C) The block didn't change weight, it was just moved. 

14. (C) Because the weight hasn't changed and I think the weight will 
to it down in any place on the scale. 

15. (C) The weight will stay the same no matter where you put it. 

16. (C) Nothing was added or taken off the wood. 

17. (C) Well it shouldn't make any different whether it is in the middle 
or on the side. 

18. (C) I think that it was the same because the wood is still the same 
volume no matter where it is. 

19. (C) Because the other side doesn't weigh more so they should still 
weigh the same. 

20. (B) It would weigh less because it is being weighed at the end 
because it is only half on. 

21. (B) Part of the block of wood hangs over the scale and so there 
wouldn't be so much on the scale to give it the same weight. 

22. (B) I think it would weigh less for the weight of the wood is not 
fully on the scale, 

23. (A) I think it will be more because the weight is not distributed 
equally. 

24. (B) I think it would be less because it is on the side and part of 
the weight wouldn't be weighed on the side. 

25, (B) Jwthinksit 16, less, because, they blocksis extended over the edge 
and that portion will not be weighed on the scale so the weight 
will be less. 
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26. (B) I think that it would be less because the whole piece of wood 
was not in the middle of the scale and it wasn't on the whole 
scale. 

27. (B) The block of wood is only half way on the scale so it will weigh 
less than if the whole block is on the scale. 

28. (B) All the weight is in the middle and when you move the cork over 
a quarter of the weight is off. 

29. (A) I thought it would weigh more because the scale is on a pivot 
and when you move it to one side it would change the pivot. 


Question 8: Weight conservation--teased cotton wool ball compared with 
two compact balls. Correct response = B. 


Grade 8. 


1. (C) It will weigh less because two no matter how big weigh more 
than one. 

2. (C) The big one weighs less. 

3. (A) I chose this answer because if you make it bigger without adding 
to it it will not change in weight. 

4. (C) The difference is because two cotton balls has the same weight. 

5. (C) The bales weigh the same because the two smaller ones little 
air got into them, but in the third one air got in to make it 
weigh the same as the other two. 

6. (B) The reason I chose this as you expanded it out the lighter 
Lecis ss0ingetol get? 

7. (B) I think it weighed less, because if we spread the two balls out 
that we had at first it would be more than the one spread out. 
When you spread it out, it was making it lighter. 


Question 9: Weight conservation--cotton wool compressed in jar. Correct 
response = C. 


Grade 9. 


1. (A) It weighs more when it is punched down because the molecules 
bunch more together so the molecules make it heavier. 


Question 10: Weight conservation--styrofoam sphere compressed. Correct 
response = C. 


Graden/ - 


1. (C) Because when you squashed it the mass is not the same. 

2. (C) I think it» weighed the same*because‘it isestillvall there’ but 
the mass is less that's the only difference. 

3. (B) Because the pair in it has been taken out of it when you 
flattened it out. 
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4. (A) When you glattened it it expanded and then it weighed more 
because it was packed and the round ball was not. 


Question 12: Weight conservation--metal bar heated. Correct response = 
(A 


Grade 7, 


1. (A) It weighs more because the heat waves are heavy. Heat was on the 
bar so it was heavier. 
(A) I think it would weigh more because the heat has gone into it 
and has made it heavier. 
3. (A) Because when things get hot they weigh more. 
4. (A) Because the heat makes it heavier. 
5. (B) Because weighing less. 
6 
if 


N 


(B) Because heat sizes. 
(B) I think it will weigh more because heat sort of shrinks its 
weight. 
8. (B) It loses the volume. 
9. (B) When the bar is heated red hot some particles fall off or break 
OLte 
10. (A) The bar would expand thus weighing more. 
11. (C) Because it has the oxygen burned out of it. 
12. (A) I think it would be more because the metal would be in blobs 
and it would be heavier. 
13. (A) Because it would be hot and some of the metal would be hard and 
solid. 
14. (A) Because when some thing is heated it expands. 
15. (A) Because the molecules would spread out. 
16. (A) Because the bar would swell up. 
17. (A) The heat expands the aluminum molecules and makes it heavier. 
18. (A) The bar when heated would expand in size which would give it 
more weight. 


Question 13: Weight conservation--ice melted. Correct response = C. 


Grade 8. 


1. (C) It weighed the same, because you can never change the weight of 
something when you change it to a different form. 

2. (C) Because there is the same volume of water in both cases so it 
would weigh the same. 

3. (B) I think it weighed less because the ice is hard. On the lake 
when there is ice on it, it is heavy. When it melts it isn't 
heavy. 

4. (A) I said it weighs more because when the ice cubes melted the water 
is heavier than the ice cubes. It had more volume. 

5. (A) A given mass of water I think is heavier than the given mass of 
LCer 
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Because ice cubes are solid anything solid will naturally weigh 
heavier than a liquid the same amount. 

I think it would weigh the less because the ice is a solid and 
weighs more. 

It would weigh less because it is not in cubes and is not 
frozen, 

I think it will weigh less because a solid will weigh more 
than a liquid. Therefore the ice would weigh more than the 
water. 

It weighed less because the ice cubes are solid and when they 
melt some would condense or evaporate. 

It would weigh less because when ice melts it loses some of the 
water and some may also evaporate. 

I thought the ice would weigh more because ice weighs less 

than water. After it has turned to water it should weigh more. 
It weighed more because when something is frozen the water 
evaporates. 

Ice is water frozen if you examine on ice closely you will see 
little air holes. When melted the water and bubbles mix in 
making the volume bigger and heavier. 

It will weigh more because when water freezes molecules of water 
pull together and when it melts they spread apart. 

Because the volume of the ice increased. 

I think that when the ice cubes melted it would be the same 
because the mass is still the same. 


14: Weight conservation--gasoline evaporated in can. Correct 
response = C, 


The gas is evaporated into the air then it is lighter because 
it is mixed with the air. 

Because when the gases evaporate the weight will be less. For 
at first there was gases in it after there was no gases so it 
had to weigh less. 

If it evaporated you would not be able to use it so it must be 
less. 

Because the gas has evaporated and the gas that evaporated 
doesn't weigh anything. 

Because the liquid probably had a little weight to and then when 
it evaporated it was lighter because there was no more liquid. 
Once the liquid has evaporated, there will be less weight 
because gas is lighter than liquid. 

It will weigh less because when a gas has evaporated it doesn't 
weigh as much as when it's in liquid form. 

When the gasoline evaporates a gas is left and it is lighter 
than the liquid in the gasoline. 

Because gas vapor weighs less than liquid. I don't know why 
thismiis? 
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10. (B) Because when a liquid is evaporated it goes into a gas that 
is lighted. 

11. (B) Because vapour is lighter than liquid. 

12. (B) Because when we weighed the can before there was gases in it 
but when you weighed it after the gases has evaporated and you 
just weighed the can, 

13. (C) Nothing can get out, nothing can get in, so must be the same. 

14. (C) Nothing escapes or nothing got in so it's just logical that it 
will weigh the same. 


Question 15: Weight conservation--paper burned in jar. Correct response = 
(GS. 


Grade 9. 


1. (B) The paper that was burned turned to ashes and smoke and ashes 
and smoke weigh less than the paper part has disappeared. 

2. (B) It will only be little bit less but when the paper burns some 
molecules are distroyed therefore it weighs less. 

3. (B) When the paper burned the flame took away some of the particles 
out of the paper. Therefore I think it should be less weight. 

4. (C) It weighs the same because the paper hardly weighs anything so 
it wouldn't make much difference. It's the jar that marks the 
weight. 

5. (C) The weight of the ashes would not change from the weight of 
the paper. The molecules would remain the same. 

6. (C) It's going to weigh the same because the burnt paper won't 
make a difference in weight. It will be the same weight. 

7. (B) When the paper is burned it becomes a gas and gas weighs less 
than a solid (paper). 

8. (B) I think it weighs less because the burned paper would then be 
carbon and it would weigh less than paper. 

9. (B) Some of the paper is gone and gives us less weight. 

10. (B) I think it will weigh less because paper has burned and the 
ash particles weigh less than the paper as a solid. 

11. (B) Because gas vapors weigh less than solid paper. 

12. (B) There would be ashes and ashes weigh less than the paper. 

13. (B) I think it will weigh less because of some of the paper burning 
and it will crumble to light, very light ashes so some of the 
weight would be lost and it will weigh less. 

14. (B) The paper will have burned and created smoke. Since part of 
the paper is gone it will weigh less. 

15. (B) Because it burned up. 

16. (B) Because it was burnt up so it's gone. 

17. (B) It weighs less because the paper (as it burns) shrivels up quite 
small. 

18. (B) It weighs less because its used up the oxygen. 

19. (B) It will weigh less because when it burned the oxygen was used 
up. The paper burned up a bit. 

20. (B) It weighs less because it burns the paper and uses up the oxygen 
in the jar making it weigh less. 
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Question 17: Weight conservation--football pumped up. Correct response = 


A. 


Grade 10-11. 


B. 


Be 


(A) 
(A) 


(B) 
(C) 
(C) 
(C) 
(C) 
(C) 
(B) 


The air is more firmly compressed inside the football, expanding 
the size and increasing the volume and weight. 

When you pump more air into the ball it has more weight because 
it has more air. Even if the shape doesn't change there is a 
greater amount of air on the inside so the weight is increased. 
If you put a football on a scale when it had less air in it it 
would be lighter than a full one because ..air has weight. 

It will weigh the same because the small amount of air put in 
will not weigh anything. 

The oxygen is compressed in the ball weight does not affect, 
oxygen. 

It is the same because air doesn't weigh anything. It just has 
pressure so as to take up space. 

Because if the football is pumped up with air it shouldn't 
change because air doesn't weigh anything. 

Air does not weigh anything therefore when the ball is full 

of air then it will not weigh any more or any less. 

The reason the football weighs less is because it has been 
filled with air and no longer has the weight to weigh it down 
when air is within an object it rises. 


Question 20: Volume conservation--displacement question--hinged wooden 


Grade 9, 
aCe) 
22 (C) 
Sh ED) 
“ee (cy 
jae ¢(C) 
6 ae (C) 
Ja cC.) 
Some ce) 
OAC) 
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blocks. Correct response = C. 


It will be the same because the volume of space taken is equal. 
The level would rise the same because the things are both the 
same shape and size. 

Because it is the same weight and size so the water will go up 
the same. 

It would rise the same because the volume is the same. 

Because the area which would have to be replaced by the stick 
in water is the same no matter the shape of the stick. 

Because the size of volume doesn't change just the shape. 
Because it's taking up the same amount of space in the water 
because it's the same size. 

Because when the wood was folded it was 3" long 2" wide when it was 
unfolded it was 6" long 1" wide they are the same size and take 
Wp Lie =same -aleas 

It doesn't matter which way it goes in the volume is still the 
same. The wood still needs the same amount of room. 

Because the size of the wood never changed. 

Because the stick will take the same amount of volume so the 
water will rise the same. 


b af sxedt wynida +'nteob sqete ‘ors 2h eal The peng a-wort | 
.beaieront ef tdgiow old on obteml of9 no ute Yo Yavomi teamewg 00” 
ti 32 mf «tb east Sar 4¢ osrdw since 8 no Lfaddoot w tuq woy 22° (a) Le : 
stdgiew usd the saunsad ono Nw? s nedd roddghl a@ bloow 
ot auq vib’ to Jtovoms Lleme 5A¥ veusoed amae odd dgbew Ihlw JT (9) a 
idtyos dgtew tom Itiw 
.jJastis jon es0b jdgiaw Plead aaa oF b agsngmos et a6gyxo odT (9) .& 


«M9gyxo 
aad dewt 31 -gnidivas dylow 9 bhai ths ssussed smme sf at g1 (9) .d a 


2>8qa qu’ 918d 04 no o8 SriteReaq 

t'obfuors 3h xin ciodw ay Séqnug ak Iledtoo?, oft it gevsoai (9) .5 . 
aditiyns Aalew 3" née0b tte sevesd ‘aigimeato 

[tut at Ifed. sds now s703ss e009 gubritgns daiow Jom esob TRA (9) <8 


deol Yne 10 Strom vrs Agtew doa [ily st: aed? aa 20 
nasd ead Jt sausoed al apel adgitow ff[edz0q? of3 noemee saT (8) .C 
maab 41 dgiew od ifyjtew of3 ead veudol of bre tie Adiw belies ee 4 
.esets 41 Yostdo as oaldsiw af sie nede 


nahoow begrld--nuliasup iosmooe!qeib--aotzeysoenos omyieV 108 aoksesup 
-D = sanoqtes Jsar70d vedbotd. 


-l[sups 2) neaby souqe to wrulov od? seusond amae of9 9d Tl2w 3E (9) «tf | 
edt djod ats egoldd sid seusoed saad Sdt seit bivow fevel efT (0) «Sf 5 
-oste boe sqada ome 
qu og [lbw todew of3 be sosle bas Jngiew omse adi ak 4) Sauvenoh (9) .£ f 
- Sie ono 


-omse of2 et emulov 9f3 seveved sea oft sabt bivow 31 

dgise sid yd beoslqos of 03 oyad bluow Aotiw sete 904 seunoe8 
Anise odd to oyare 5d9 393dem of emer odd eh a938~ af 

-9geda sii Jaul auaedo J'nesobh omulov Yo sata ond seneood 

19jaw sii ni sosqe to devoms smse add qu gabled e'3) onueosd 

-oshe ottne odd 2'31 Saumodd 

saw 2i nefw ebiw "S gaol "£ eew ai bsblo? ssw Boow odd naily seynoed 
oad bate aste amen sis stm yor? obiw "I gaol "3d aw tt bebfotau 
.8648 see orld qu 

oa {fide at smvlov 9% m) agog 32 yaw dotdy Learnt #nss0b 31 
-moor to jnucinn ompe ond ehaga [113 

bogrars seven Boow oft o8, 

ict on Suulov to Javoms omke odd oat ILiw Ws 


79 


12. (C) Because it takes up the same amount of space. 

13. (C) The material has the same volume and occupies the same amount 
of space no matter which way it is. 

14. (C) You are sticking just as much wood in the water. 

1d. (CG) Volume*is*the>same. 

16. (C) It still has the same volume as it had when folded together. 

17. (C) Because the volume of the stick don't change. 

18. (C) Even though the shape of the block was changed. The mass of 
the block was not changed so that the water level would rise 
equally both times. 

19. (C) It takes up the same volume so it would make the water rise 
the same. 

20. (C) The same because water will go around the material no matter 
what position it is in. 

21. (B) Because its the longer piece of wood and it would let the 
water rise less. 

22. (B) The block has less volume therefore it will take up less space. 

23. (B) It would raise less because when you open it the end comes 
together and it takes less room then if the two end pieces were 
separated. 

24. (A) More because more of the stick is going in the water. And of 
course the water level will raise. 

25. (B) Because the wood takes up more room when you open it up. 

26. (A) I figure it has to raise the water up higher because there is 
more volume in straight stick than when it is folded up. 

27. (A) Because it is longer. 

28. (A) Because the wooden stick is longer therefore the water will 
raise higher. 

29. (B) It didn't have a much volume to begin with so it wouldn't make 
the water level rise as much as before. 

30. (A) I'll rise more because the stick has to be pushed into. the 
water more before it becomes completely immersed thus forcing 
1t to rise more. 

31. (B) The stick is in a straight line, therefore the water can be 
pushed up around it easier the volume is less. 


Question 22: Volume conservation--displacement question--lead foil 
unrolled. Correct responst = C. 


Grade 9B. 


1. (C) The weight was the same so if you immerse it, it will take up 
more room but the water level will rise the same amount. 

2. (C) The area would be bigger but the weight would be the same. 

3. (C) It's the same because the weight of lead wouldn't change so 
therefore it would stay the sane. 

4. (C) The water level rises the same cause the lead would be the same 
weight put apart or put together. 

5. (C) The water level did not rise because it weighs the same open 
or closed. 
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6. (C) It stayed the same because the folded way it has more width than 
it does the unfolded way. 

(C) The weight of it is no more it just takes up so much room. 

8. (C) Well when you put the lead in the water when it is folded up is 
flatter and it other way is longer. But they both weigh the same. 

9. (A) It rose more because when the foil was open it takes up a little 
more space. 

10. (B) Because the mass of the object is spread over a larger area, the 
displaces less water. 

11. (B) When it was doubled up it would make the water rise more but 
when it's flat no water can get in it. 

12. (B) The material is heavier when it is rolled up and thus the water 
level will go up higher than if the material was unrolled. 

13. (C) The water level will rise the same when it is in the water if it 
was folded up or strd@rhed out because the weight does not change. 
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Question 23: Volume conservation--verbal question--clay ball split. 
Correct response = C, 


Grade 9A. 


1. (A) When it is separated it has half the thickness and the length is 
bigger. 

2. (B) It has a less amount of room because you break it in half it 
has fewer grams per half, the ball is not so high. 

3. (A) It has a greater volume because it is spread out to cover a 
larger area. 

4, (C) The volume stays the same because there are the same number of 
molecules. Only the shape was changed. 

5. (C) It is the same blob and has the same volume any way you divide 
it. The weight stays the same because nothing is lost. 

6. (A) It doesn't displace any air when it is separated. 

7. (B) You let some oxygen out then the density isn't the same. 

8. (A) It takes up more room because air pressure can get around two 
objects, not just one object. 

9. (A) Because when you split the ball more space is needed to cover 
it. It would decrease in weight but increase in volume. 
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Question 24: Volume conservation--displacement question--clay ball split. 
Correct response = C. 


Grades 7-8. 


1. (A). _I think it_would-rise-more=because*there=is-2~objects and” they 
would take up more space and make the water rise higher. 

2. (C) They are the same weight only put in a different place so the 
water should rise the same. 

3. (C) Because it still has the same weight when you break it in half. 
The water will rise the same in either way if the ball is whole 
Orel fetteLs inahalie 
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4. (B) Because it is smaller so the water will not rise as high. 

5. (B) I think it rises less because when it is taken apart the 
molecules have more room to move around so the weight is less. 

6. (A) It is the same the water level because its just as much weight. 

7. (C) I think it will be the same because it didn't lose any weight 
Or gain any. 

8. (A) Because before it was only one volume now it is two volumes and 
it will make the water go higher. 

9. (C) Because it is spread and it still weighs the same and it will 
take up the same room. 

10. (C) When that red ball is broken in half it rises more and when it 
is just in a whole ball it rises less because it is not broken 
in half. 

11. (C) The water will rise the same because it is the same weight. The 
water will rise the same because the same volume is taken. 

12. (C) Because the clay weighs the same so it the water does not rise 
any higher than before. 

13. (C) I think the water rises the same because it still has the same 
weight. 

14. (C) Because the ball still rises the water same because the take 
up less room but if you put 2 halves together they make a whole. 

15. (C) I think it would just rise the same because it has the same 
weight and the weight of the object is what makes the water 
rise. 

16. (A) Because these are two pieces of weight in the water. 

17. (A) It will rise more because it has weight to it. And it will 
make the water rise. 


Question 25: Volume conservation--verbal question--ball-sausage. Correct 
response = C. 


Gradec. 


1. (C) When it is round it takes the same as if it is flat. The flat 
chunk looks like more but is spread out the same distance 
as if it would be round. 

2. (C) The clay is both the same because when broken down they are still 
both the same and still take up the same room. 

3. (A) I think the sausage takes up more room than the blob because it 
is longer. 

4. (A) I think the sausage takes up more room because it's longer and 
takes up a bigger space than a ball. 

5. (A) There is more exterior. 


Question 26: Volume conservation--displacement question--ball-sausage. 
Correct response: C. 


Grade 8. 


1. (A) It is longer and covers more area than the ball, so the sausage 
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will make the water rise more. 

2. (B) I think the sausage will make the water rise less. I think so 
because it has less weight because it is spread around more. 

3. (B) I think the sausage shape will make the water rise less because 
it will not take up as much room as the round ball will. 

4. (B) Because there was the same amount of plaster scene but when you 
put the plaster scene in the water, when you take it out, water 
is on the plaster scene so it won't be as much water in the 
flask. 

5. (B) Because the ball would have more force when it goes in the water 
because it is round and bigger than the long sausage. 

6. (B) When it was round it pushed the water up at a greater: force, but 
when it was rolled out there wasn't that great of a force because 
it took up less space. 

(A) It has a bigger volume and therefore it would weigh more. 

8. (C) It doesn't make any difference what shape or size it is because 
it still has the same weight. 

9. (C) When you made the clay into a long tube the mass of it gets 
greater or larger so naturally the water would have to go up. 

10. (C) The sausage raises the water, the same as the ball, it has the 
same volume of weight as the ball. 

11. (B) The sausage will rise less because there is not as much force 
pushing down on the water as there was on the ball. This would 
make the ball let the water rise heavier while the sausage made 
it rise lower. 

12. (B) I think the ball would make the water level higher because it 
takes up more of the diameter of the glass tube. 
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Question 29: Volume conservation--verbal question--metal recasting. 
Correct response = C. 


Grades 10-11. 


1. (C) They are the same because if you rolled up the flat piece it 
could be made to look just like the rounded one. The one that 
looks larger is very thin whereas the other is higher and wider. 

2. (C) Because when the lead was poor out it was flat and took up more 
room lengthwise and when it was put in the mold it took up more 
room in height. 

3. (C) The volume is the same because though it's shape has changed 
the mass has not and mass determines volume. 

4. (A) The volume was the same because the same amount of metal was used. 
The shape of the volume will be different but the amount the 
same. 

5. (B) You heated it and metal evaporated. The volume of the flat piece 
of metal is therefore less. 

6. (A) The metal when melted holds a bigger capacity of space than when 
it was not melted. 

7. (B) It has less volume when it's flat because you can lay it down 
anywhere and it isn't in anyway. 
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8. (A) I think that the flat piece of metal has a greater value because 
it is bigger and it is flat. The other metal was smaller and 
it would take up more room. 

9. (A) It has a bigger volume because before it was melted it was in 
a more condensed form and after it was melted it was in a bigger 
surface area. 

10. (A) They weigh more, therefore they take up more amount of space. 

11. (B) Because there is less capacity in volume after it was melted 
to a flat surface. Then when it was round. To there, it would 
weigh less. 

12. (A) When it was small it was round and light so it took up less 
room, now when it has been melted it is flat so it takes up 
more room. 

13. (A) I picked a because when it was formed the volume was all 
together but when it was flat there was a bigger surface so 
took up more room. 

14. (A) I picked A for more volume because although the weight is the 
same, the volume or the area it takes is larger now because its 
shape has been altered. 

15. (A) When the metal was in the first shape it was more complex and 
therefore had a smaller volume than the second shape which had 
been spread out. 

16. (A) When it is in the round shape it is more compact. When it 
was melted it spread out over a larger area. More volume area 
will be needed. 

17. (A) I choose A because after it was spread out and hardened it never 
would have fit back into the little form again. 

18. (B) If you be the melt metal down it lays flat. The other piece 
would be harder to pack because it stands up. 

19. (B) When you have melted the metal and it must have while in the 
liquid stage evaporated to an extent. 

20. (B) I picked B it will be smaller after it has been heated because 
some of the molecules will be given off when it became heated. 

21. (C) I think it has the same volume for the metal was at the same 
temperature and the molecules were the same size and distance 
apart in each case. They therefore occupied the same volume. 


Question 32: Displacement law--large lead ball, large aluminum ball. 
Correct response = C, 


Grades 10-11. 


1. (B) Because of the weight of the aluminum and lead balls. 

2. (C) It would rise less because much less in weight than the other ball. 

3. (B) The aluminum ball would make the level rise less because of its 
weight upon the water. It doesn't have as much volume. 

4. (B) Aluminum is lighter than lead. Lead is a heavy metal, and 
aluminum is lighter. 

5. (B) The lead base would weigh more because lead weighs more than 
aluminum. 

6. (B) The water level would rise less when the aluminum ball was put 


nt epw 32 byston san MB: 
tongld o al saw sh) ere re 


bivow 32 Rete oT ch enw + uadd dri thoghk 


ar 


east qu Aoo2 $1" ov tdi bos. bugs wew 3d iGddy a 
qu andes J) of te! et ai besisn asad aad a2 as 


= 


Ile enw omuloy 414 bemrol asw ti oondy savsoad 6 
o8 S9B8itUe tsgRid o esw stads _ epw at sore dnd 
- moor 
sid ak Itglew oly dguodiio an ee owulor vom 1203 
ett seysond won yogrel ul eodes Jk setn vdd to smuloy oda -* : 
bsretig naed eed onthe 
hes selqmoo Sion enw 1! sqafe dart? odd nl ebw Tedee@ odd nom Zz. 
ban tlotdw aqede broose oft pds somlov tai foma es bet exoteveds 
.2u0 beoyas oped 
3k nodW .35eqmoo som at 9) Sqide Onwdor odt mb et ot wed (A) 2! ; 
ae1e Sauley oT6M . 60's sie ial & T8v0 Joo bestqe JF beslom saw cooe 
-bebsen ad [fiw 
teven 31 benehuad boa sue a exw Jt 19die saueded) A epoca I CA) .VI 
i690 orzo? sliull edd otal Sond 319 syed blow 
vaeiq xaiijo ONY Jeli eyel 24 owob lajom them odg od voy YE (8) , 81 
-qu Gbhoste 3: seneosd tlosq oF 15b7ed od BLuow 
sd3 of ofidw over teum 34 bos fndom od beaiow eyed yoy asdW 4a) . ef 
jngixs me 0% bstdercqave sgaga biuplsi 
ssuszed badned feed aed 42 t9tie refieme od [fiw 31 @ Bbodlotq I (8) .0S 
badned saaced 2) matw Yo mevis sd Ifiw selusstom aft Yo onge 
smee odd ts enw [adem ond xo omulov omee ofd asi dk antda I (0) IS ° 
eous3elb bie sete ome ot etow esloosfom ody bee studetagms> 
-onuloy sites 303 betgis00 ticltevels yadT .oeno dose mt JrBqe 


‘Mad munimuls sgael ,[fad bool spxei--wal tasmenehag ld 2S€ notseaup 
.0 = Sehoqest I>59t70) : 


} 


salled beet bre mumiatule sd3. to, tdgtew ody $0 saunoed 
Ifad asso ofa mally idgtew at ase doum seuno9d aael seli bluow 3I 


aa! to seussed east sekx loval oda sda bioow iLiad cua kar S 
smylov daum a8 oved J‘neeob 3T .2930w patie saan 


bre , ete yvesd & at beed .basl exis 23tat Fh manma 
quote 


ned3 stom edatow beef seuused szom a eer ns od oat (a) le 


16. 


(B) 
(B) 
(B) 
(B) 


(B) 
(B) 


(B) 
(B) 
(B) 
(B) 


184 


in the water because aluminum is lighter. 

The aluminum ball is light so when it is put in the water it 
would be less than the lead ball. 

Less because it is lighter in weight. 

Lead weighs more than aluminum creating a greater force. 
Because the aluminum is lighter than the lead ball so it should 
take less space. 

The aluminum ball weighs less so it would displace less water. 
The aluminum ball is lighter, therefore displacing less water 
than the lead ball. 

Lead is heavier than aluminum, so if it has a heavier weight it 
causes the water to go higher. 

Because the less weight the object is the less water it will 
disperse. 

The aluminum ball weighs less, so if it was submerged in water, 
the water level would raise less. 

The aluminum ball would make the water level rise less because 
it is lighter and doesn't submerge in water as much. 


Question 33: Displacement law--small lead ball, large aluminum ball. 


Correct response = A. 


Grades 10-1l. 


LZ. 


(C) 
(C) 
(A) 
(A) 
(C) 
(C) 


(C) 
(B) 
(A) 
(C) 


(A) 


(C) 


Lead ball is heavier than the aluminum. 

Because they are the same weight. 

I thought the aluminum ball would weigh more because its volume 
is bigger and weight is heavier than the other one. 

The aluminum would rise more because it has a greater density. 
I thought that the aluminum ball would make the water rise the 
same amount as the lead ball did because they weighed the 
same. 

I thought it would be the same because they looked like they 
were about the same weight. If they were the same weight the 
water would rise the same. 

The same cause the lead is smaller than the aluminum and 
aluminum weighs less than lead does. 

Aluminum ball will make it rise less because the weight of the 
ball was less than the weight of the lead ball. 

Because lead weighs more than aluminum thus when placed in water 
the water will rise more. 

I think the same because the aluminum ball is bigger in size 
and the lead ball is smaller in size so the both would weight 
the same. 

The aluminum ball takes up more space than the lead ball but 
it's mass isn't very big so it would be equal to the lead ball 
smaller than it. 

They would be same because lead is heavier than lead and even 
thought the aluminum ball was bigger so therefore it would be 
the same. 
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Question 36: Displacement law--equal sized jars containing different 
amounts of sand, Correct response = A. 


Grades 7-8. 


1. (A) I thought the water would rise more because that jar had more 
sand in it. Also it weighed heavier. 

2. (A) The jar with more sand in would make the water rise more because 
there is more weight there. The volume of the sand is a lot 
more, too. 

3. (A) Because the second one had more sand and thus more weight 
causing more water to rise when the second one was put in. 

4. (A) I think it would rise more because there is more sand in the 
one jar and the more sand there is the heavier it will be. 

5. (A) I thought A because the last can had more substance in than the 
first one. This substance would weigh more because there was 
more. 

6. (A) I thought the jar with more sand would make the water level rise 
more because the volume of sand in the second jar was more than 
the volume of sand in the first jar. 

7. (A) There is more sand in the one jar so there is more weight in this 
jar. The more weight the more the water rises. 

8. (A) I thought this because there was more sand in the one. 

9. (A) The jar with the most sand because it would weigh more. 

10. (A) I thought that the jar with the most sand in it would make the 
water rise more because that jar is heavier. 

11. (A) There was more sand in one which would increase the weight and 
also increase the water level. 


Question 38: Displacement law--cylinder fully immersed to half depth, 
then full depth of container. Correct response = C. 


Grade 9C, 


1. (A) The weight of the object is more than the water so the farther 
it goes down the higher the water raises. It also has something 
to do with pressure. 

2. (C) Because the weight of the cylinder is the same no matter how 
far you put it) down ingtheswater, 

3. (A) If the cylinder had been placed just under the water, it would 
go up just slightly. Therefore, the further down the cylinder 
went, the higher the water level would rise. 

4. (A) Because it would have more pressure if it was all the way down 

than if it was half way down. 

(A) It is weight wasn't completely dispersed in the water. 

6. (A) It has only displaced part of its volume in the water so you 
drop it all the way down it displaces all of its volume. 
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APPENDIX C 


ATOMISTIC SCHEMES TEST FIELD TEST RESULTS 


Item Difficulty Biserial 
Correlation 
Grade 7 
39 0.24 0.64 
40 0.40 0.50 
41 OF05 OWi/ 74 
42 0.68 Ono 
43 0.48 0.65 
44 0.46 0.63 
45 5 657/ 0.80 
46 0.50 0253 
Grade 9 
39 0.44 0.52 
40 OR 65 OMS ATE 
41 0.31 0.73 
42 0.79 0.86 
43 0.67 0.74 
44 0.52 Oxpr 
45 0.73 0.68 
46 0567 0.79 


Grade 7 & Grade 9 


au 0.33 0.62 
40 Ono) 0.67 
41 OR, Oat 
42 0.73 0.66 
43 Ohs Si7/ Oat 
44 0.49 O25 
45 0.53 Oe 
46 Oe, 7/ 0.67 
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